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Astronomical Symbols (Contractions on p. xvi). a4, 8,A, are alao 
used as inferior indices to other symbols. 


Right Ascension 

Latitude (celestial, geocent.) 

Declination, +N, —8, 

Obliquity of Ecliptic 

Sidereal time; @, ot men midnight 

Longitude(celestial, geocent.) 

Wave-length, in Angatroms 
=01-000,000,1 mm, (p.22) 

motion (total amousl): 
. tomate cone (cnr? Ee 


ar eee 


ppt millionth 1 mm, = 410 
v Frequency 
7 Parallax, annual, in”; Long- 
itude of perihelion ‘also 3) 
Terrestrial radius 
Geographical latitude: +N,; 
(e" i arr Angle whore 
sine = eooentricity 
Altitude of N. Pole 
Tonisation potential 
Ase, node-perihelion angle 
Longitude of perihelion 
Thistance fr. Earth, in .A.U.; 
Difference 
(or[ ])4ymbol of summation 
Longitude of ascending node 
Albedo; Amplitude (variable 
Aor Az Azimuth [ stars) 
Of, Colour index 
Diameter 
E Equation of time; Eccentric 
anomaly; Colour excess 
( Gravitational Constant 
#f or ¢ Hour angle 
fff, Heat Index 
i Intensity 
I, Geograph, longitude, + W- 


eee oh ahs ea —- 


* With reference to the Sun, 


Af Magnitude, absolute (indices, 
pie Mean anomaly 
P Period forbital) 
J’, Parallax, equat. horizontal 
FR Refraction: Sun-Earth dist, 
S Solar constant 
TY Time of perihelion passage or 
transit: ‘Temperature, 
7, affective; 7, colour, 
V, 7, W, Velocity,* radial (re- 
ceding + }, tangential, spatial. 
A, ¥. 4 Rectangular co-ordinates 
a Semi-major axis of ellipse 
6 Semi-minor axia ; Helio- 
centric latitude ; 
Galactic latitude 
Distance, in seconds of are 
Eccentricity of orbit 
Acceleration due to gravity 
Altitude 
Inclination of plane of orbit 
t Caussian gravitation constant 
Heliocentric longitude ; Gal- 
actio longitude 
itude, apparent 
(Indices, ip, pm, ap dec., nee p. xvi) 
Mass, Sun=1 
Mean angular motion (or u) 
Annual precession (general) 
Position angle, (°-260" (p, 4); 
equat horiontel parallax 
Peribelion distance 
Radins vector, in ALT a; 
Distance in parseca 
¢ Time of observation; Hr. angle 
te » Mean: &, True time + 
f » of Epoch 
v Trug anomaly 
2 Zenith distance (apparent) 
+ From Mean or Troe midnight. 
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For a complete list of symbols adopted by the International 
Astronomical Union, refer to the Transactions of the LA.U., 
1938, pages 345 to 355. 
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PREFACE 


Tae first Edition of this Atlas was published in the year 1910. The work was primarily designed for those amateur 
telescopists whose instruments are mounted either on alt-azimuth stands or as equatorials without graduated 
circles, It was also intended to be used as a companion to Webb's invaluable “Celestial Objecta for Common 
Telescopes," and Smyth’s admirable “Cycle of Celestial Objects,” both now out of print. Practically all the objects 
contained in the latest editions of these two works, down to and including stars of the seventh magnitude, are 
shown in the maps, also several fainter objects of particular interest, 

Owing to the plan and arrangement of the maps, and also on account of the large overlap, a view of about one- 
fifth of the entire heavens is shown on one folio, and no constellation is inconveniently broken up, The distortion 
is slight considering the large area represented. Altogether the charts indicate the positions of over 8,400 stars 
and 600 nebulae. 

Asketch Map of the Moon, indicating the more important features, and two charts of the Galactic regions, 
are provided ; the latter, having R.A. and Dec. lines as well as galactic co-ordinates, will be helpful in galactic studies, 
Bright variable and red stara are indicated by a amall “v" and “mn” respectively, but double stars could not be 
similarly lettered without sacrificing the clearness of the maps. For particulars of these objects, reference should 
be made to the lists on the back of the maps and to “Webb” and “Smyth,” 

For the Sth Edition the letterpress was re-arranged, and this new order has been retained in the present 
Edition, First come the various reference lists and tables on pages vi to xvi. These are followed by the sections 
of the Reference Handbook :— 


i. Notes on Star Nomenclature, v. The Sun, Moon, and Planeta; 
nm. Notes on Astronomical Terms. Celestial Phenomena. 
m. The Galaxy and the Stara. vi. Hints on Observing. 
tv. Spectroavopy, vo. The Care and Use of the Telescope. 


The underlying idea has been to furnish both the amateur observer and the general reader with a reference 
book to which he can turn for an explanation of unfamiliar terms—observational terminology especially being very 
inadequately dealt with in text-books. These explanations are necessarily much compressed, but it is hoped they 
are sufficiently complete for the required purpose. Sources of fuller information are often given. 

The Constellation boundaries used are those prepared by Mons, E. Delporte, and adopted by the International 
Astronomical Union in 1930. The epoch of Mons. Delporte’s boundaries is 1875, and by 1950 the change of their 
positions in R.A. and Dec., due to 75 years of precession, is appreciable, With respect to the stars themselves the 
positions of the boundaries always remain unaltered. 

The kind and encouraging testimony as to the usefulness of my Star Maps given by professional and amateur 
astronomers, both at home and abrond, especially in the United States of America, induced me a few years ago to 
re-draw all the main charts for the new standard epoch 1950, In this Edition, the former Index Maps and 
Galactic Charts have been replaced by new and more complete ones, 

All the main features of the previous maps have been retained, but with certain alterations :— 

(a) Stars from the Revised Harvard Photometry down to magaitude 635 have been charted. In the original edition 
of this work, the star places were taken mainly from Hougzeau's “ Uranomitrie Générale” A careful comparison 
of the magnitudes of Houzean's fainter naked-eye stars with the same stars included in the H.R. and ita Supple- 
ment, showed that many of his stars are placed at a lower, sometimes a much lower magnitude than 6-35 on the 
Harvard seale, Such stars have now generally been omitted. On the other hand, many Harvard stars, not im 
Hougeau, have been inserted, as well a several additional double stars from various sources. 

(6) All nebulm, except those of Messier and those classed by Herschel (eee p. 65), have now received the N.G.C, numbers, 

(e) Variable stars which reach at their maximum brightness the @th or 7th magnitude, have been indicated in the mapa 
by amall circles. 

(d@) The Galactic Equator and Poles now adopted are those recommended by the International Astronomical Union, 
and differ slightly in position from those which have appeared in the earlier maps. 

The Milky Way is in many places extremely complex, varying much in brightness, with cloudy wisps of light, dark 
spaces and dark winding lanea No single-tint representation, such as is used in this atlas, can satisfactorily 
represent it ; but the outline of Proctor has been followed, for it does at least indicate the general position of the 
Milky Way and also suggests ite complexity. 

(eo) The Abbreviation List printed in the margins of the 1920 maps was necessarily limited. It has been superamied 
by the complete List of Abbreviations given on page $4, preceding the charta: 

Since the regretted death, early in 1939, of Mr J. Gall Inglis, who was responsible for most of the introductory matter up 
to page 44, [ have been much indebted to his son, Mr RK. M, Gall Inglis, for some helpful suggestions, especially with regard to 
the re-arrangement of the text, 

AKTHUR P. NORTON 
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Abbreviations, san Vil-ix-¥i 
Aberration . : 
Absolute ; Magnitude ‘ i if 
ie Parallax, 14; fern, . : a1 
Adonis i . : ;: a 
Airolites , . #6 
Albedo, of planeta, 7, aod List =. viii 
Algol (variable ater) 12, Map &; 2 12 
Altitude and arimoth 4 
Amplitude, 4; of ees Biers . (12 
Anagalactic , . ES 10 
Angeéetram Unit 23 
Anomaly, 5 Anomaliatie Poriod . é 
Antupex, Solar, . a7 
Antares : : : ‘Map ve 
Apex, Solar : : 
Aphelion, meaning of "5 


Apogee, 4; Apoastron 11; Apocentre § 
Apparent, meaning vi ‘i apparent sis a 
lee 


Appu fi 
ray Apsides : 5 
Int, & longit, ;  Areoountric 4 
Aries, rst Point of, position of 2.8 
Ashy Light, or Eurthahine - 20 
Aa poot # ji ri 
Asteroids, or Minor Planets s ah 
‘Aatronomical Cn and list, vi, wil 
Unit, 14; Societion & ———_ of, vii 
Symbols” . Evi 
Atmospheres, planetary » 86 
Atmospheric conditions for ‘observing, ag 
absorption of light, 16; Table of 42 
Atoms, 23-24; Atomic No, and “arnsoe 25 
Awrorm, 58 ; Observing ri 44 
Axia, major ‘and minor ‘ fi 
Astnutls ; 5 . ; 4 
Baily's Beads : ~ 
Balmer Series of Lines : 23 
Barlow Lens , : . 45, 49 
Barnari's star ; i 18 
Baryeentre ; baryeentric elements f 
Betelgeuse . : Map & 
Billion, British anil v. a om 15 
Blac iv ar abearh a1; OP; 42 
Bode's Law A viii 
Belide ie 
Boundaries LAU, Constellation a a3 
Bridges, Bolur ; 26 
Brightaess : stare, aR ‘= ‘ Moon a0 
Buttery oe ; 24 
Calendar, The . a2 
Carrington's Solar Rotations 26 
Caator ; : "Map 7 
Catalogues, Astronornionl : Tis “s 
Celestial Equator, Pole, &e. 
Centroid  . P % 
nia “type variable stars 10, 12, 5 
Ghicuaipiais ; - wet 
Circumpolar Stara . ‘ 2 
Clofta, Lunar . 28, 30 
Clusters ; ig pee of, ‘I; ; Loivts, Mapes 1-16 
Coal Sack, (dark gap in Milky Way) 11 
Co- lutituce, tieaning of =, 2 
cane : ita . 
Colour: ; Equation, tude , lj 
Index, erery of Vill; Stara, will 
Colurea. Equinoctial and ore . a 
Comacofacumet . ; a6 
Comes, Comitea s 11 
Cometa, 26 ; Gomet-soskinir F 4a 
Conjunction, of Moon, planets i 
Conatellation Boundaries, 1.A.17., 13 
Constellations, L;contract ne xv1; Lint,linst p, 
Contact; first, inst, 47: internal, external, 42 
Contour of spectral lites - 26 
Contractions : ‘ vii-xi, xvi 
Contractel Notation . : ix 
Conversion Tubles . x, xi, x¥ 
Coren, Solar ; 5 oT 
Counterglow, or Gegenschein ; ay 
Counts, Star : ; vi 


Cross motion > : : 1a 
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Culmination, upper & lower, snoaning 23 : 


Cycle Caltippie, Motonie, Saros « : 
Date L 8 
Day ; Sains, Sidereal, &e, ay Deo, pts, x¥ 
Decimals of a Day, Hour, ke, _ =v 
Declination, $; Dochnation Cirele a 
Defect of Hlumination > 7 
Degree an atarephere, estimating ‘ sine’ xii 
Teegreea : to RA. 43; decitoals of “uv 
Co Pt converted xi 
Delporte planets - . 88 
Density of Sun and Planets F ey 
Dependencies ; = F Ff 
Deuteron, Deuterium . 36 
Diimeters: Bun, vain a2; Stars, a1 
Disseiation ° a4 
Doppler Eifeet ‘ 23 
‘Deouble-double" star in Lyra Map ig 
Draconitice Perivd . ; a 
Durchimusterung, meaning of . vi 
ior Stars ; : - 6 
Whimometer, Berthon’s . - 4h, 47 
Earthehine . . 20, 42 
Eooentrivity scuen tric: aici 6 
Beli ; Sun and Moon, 87; o observing 40 
af satellites Fi a $2, 34, 37 
‘Bolipae-atar” type of variable stare = 12 


Ecliptic, The ; Poles, Obliquity of, &e,, 2 
Effect, Doppler, 23; Stark, 23; Zeeman 23 
Bahn, 2h: Purkinje, 42; Wilson | 
Effective ‘Temperature, 21, wave-length,22 
Bie meaning of . ; . 242 
Electrone =. . 28, 24 
Elements; flied 6,92; Chemical Symbols xvi 
Elongation of planets, Greatest 5, 32, 93 
Emersion (Occultationa) . a7 
Brergy uipartition of 22 ; ~utnten 24 
lines in spectrum - 86 
Envelope, of a comet ; : oa 
Ephemeria, 7; American . - 47,92 
Epoch, 5, 7; of ogeulation . : 5 
Equation of Time, xii, 9; of Equinoxes 7 
pereonal,7; colour, 17; magnitude i 
Equator, Celestial . 
Equatorial Head, SI; adjuatments 60 
Equinoctial, The, 2; Equinoctin! eolure @ 


Equinox, Mean, Troe, 2: Vernal 24 
roa. e é = ht) 
Errore of observation, i ix; accidental 7 

probable, ix: systematic . ri 
Excitation , : ; a4 
Extrapolation “ ‘ ix 
Eye; errars in olverving ‘ 7, 42 
Eve-pieces; magnifying il Be. or 
Faculm, Solar - 20 
Fictitious Year, Bacxel's ; : 5 
Filamenta . : - a7 
Finder * ‘ . ‘ 46 
Fireballa =. : : 36 
Flamstecd's star numbers : . 64,1 
Flneh ; Green and Hed r : aa 
Flootuli P 4 : ; a7 
Focus : « 4 fi 
Following," moaning of . ‘ 30 
Forbidden lines in spectrum .' 3 
Frequency . : . ‘ 22 
Funcimental; Plane, $3 Stara. t 


Galactic Centre, Equator lat. and longit. 

Plane, Poles, et 4, 10-11 
Galaxy, or Milky Way, ani ‘System 10, 11 
Gegenechein, The ; or Counterglow a7 
Genitives of Constellation Names, Laat puye 
Geocentric latitude and longitude . 4 
Giant; Planets,32; -Stara, super-,aub- 20, 21 
Gibbous, meaning of 
Globes, Celestial, Maes biotin rerersed 40 
Gould's Belt of Bright Stars ‘ 16 
fireat Red Spot on Jupiter _— ee 
Greek ; Alptubot, xi; star letters, ig 1 
Harvard, Standard Regiens - 

Star Types. 18; magnitude scale 16 
Heat Index, 17: . Tabte of 7 . etd 





Pace 

Hellocentric & -graphic lat, & longit, 4 
Hertasprung-ltuscell Theory - gO 
Alorieon t : 4 
Hour Angle, 3,4; Hour Circle a 
Immersion (Ovcultations) . ‘ ay 
Inuccessible (in Spectra), , uo 
[ngress, meaning of . oy 42 
Ineolation of a a : : a5 
International Angetrom unit . 
Magnitude Seule . ; 18 
Interpolation : ‘ ix 
Interstellar lines, 23; matter 10, 29 
Invariable plane of Solar System . s 
Tonisation, 24; -Potentiala, : xi 
Julian Period, » Day, Your . i 
Jupiter, Great su ke. as Groups 
eae 15 
Ipareec . ‘ 2 i 15 
Krueger d0n 20 


Latitude, Celestial, 5, 4; Variation of rf 
Laws, Bode's vill ; Lane's 20; Spoerer's 26 
a 


mi a a # a 
Layer, Reversing | a a oT 
Least Squarea, Method of . ‘ ix 
Leonida, {meteor shower) . . 86,43 
‘Levela,’ atomio , - a4 
Libration of the Moon ’ . 28, 20 


Light; sbeorption in space, 29; -time, 9 
-year, 15; year=parsecs, x ; velocity, 
Limb, of Sun, Moon, and planeta 6, 28, 34 
Lines, absorption, 23; emission, a ‘n 

haneed, 25; Fraunhofer, 28 ; forbidden, 

25; winged, 25; ultimate, 
Longitude, Celestial, 4; Other kinds 34 4 
Lumitre Cendrée, or Eurthahino 29 


Luminosity . som 
Luuar, Moon, i 2 of, a! 
Asis, 28: Bright + ae 


Centre, mean, 30; Clefta « 28, 30 
Craters, 28; -cones, -pita, index of, 30 


Eurthahine, 29 ; a . of, 40 
Faulta . ‘ us 
Libration . "98, op 
Mountains, 28, #0, al; -ranges 28, 30, al 
Wamnesicietare 7 . op 
Observing 98, 29, 40 
Phase, 29 ; Plaina ; ; on 
Radiation, #5; Raya, Rills 28, 20 
erat] : ; a 38,30, 31 
Terminator é a a8, 20, 31 
Valleys =. + ‘ . 80 
Lanetion i ; 5 
Lyrida (variable stars) , ; 12 


Magellanic Clouds (star clusters}13; Map 14 
Magnitude : kinds of, 17; of atare 16-17 

Table of, x; Seales of, 16; of eclipses 87 
Maps ; sions. vi, $1, Mars, &e. vi, Star f-18 


83, a5 

a into energy, 20; -Iuminoaity. 14,20 
Megaparsec . ‘ ‘ i 
Mercury, 43; Ubserving ; P 41 
Meridian, 3; On the, meaning of a 
Metagalactic a i 10 
Metoors, #6; af showers, observing, 


Milky Way, {gee Mape) 11; Oheerving 41 
Minor Planeta, 35; nomenclature of ix 


Mira (variable atar) 12, 17 , . Mop 6 
* Mirid Cia (variable stars’ ‘ 13 
Molecules. ! a 
Months, ty 7 : : 8 
Moan, see 
Motion, types of Stellar 6, 11,16 
Motion-forme = - ‘ aT 
Nadir, moaning of . ; : 4 
Nautical Almanac . au 
KNebulu: Dark, 13; Observation of 42 
Speed of, 21 ; Types of , 13 


Nebulw, Named, with No. of Map :— 
Andromeda, 2: Black-ere. 9; Crah, 
y Dumb-bell, £3; Keyhole, io; 
44; Looped, 23; Onmeun, 14; 
re iti Owl, 9; Ring, 23; En- 
turn, £4. 
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‘Nebulium’ Z P ‘ 13 Quantum, quanta . - Star, Stars, Stellar—Contenuert, 
Neptune. ; . 4 Radial Motion and Velocity, - Lb Flamsteed Numbers =. - fd 
Neutron, Neutrino . . - 2 RadiantPoint of metearahowers,36; List,43 Gauges. : : yor a 
New Stars, seo Novae Radiation; -planotary, 35; -pressure 21 Ginnt, eub-, super- . . 20-21 
Newtonian Refiector, adjustmente . fio) Radine Vector : ‘ Bi Grow > "i : F ii 
Nimbus, (lunar craters). : 20 Ray, or Flash; Green, ied ‘ us Lucid, definition of ‘ . 16 
Node, Ascending, &e,, of planet's orbit § Thnya, a, 4, y, enthode: Ttaies ultimes 9 Magnitudes, 16; Suet of . x 
Nomendature, Comets,ix; Meteora 43 Reoeasicn, ye of F Maseos i - 20, 22 

Minor Pinnete,ix ; Moon, { 29; Novae, ix Refraction, 7 . ; ‘Table of, : Namew, Jit of . A £2 

Stara, 1: Viewable Stare. ; ix Reinmuth planet f u : Nearest. iter Ceateari) - 14 
Non, Mean : : a Reseau, Solar, doo, . : . 7 Liatof . . - 58 
North Point, meaning of . 5 Residuals i ‘ ix New (Novae), : « 42, ix 
North Polar; Distance, 3: Sequence 16 Resolver, iefinition of : 11 Nomenclature  . ; eee igs 
Notation, Contracted : ; ix Ttetrowrade mution,5; retrogradebinaries 1 Parallax, 14; Table of . 

Notes, Making, while observing . 89 | Reversing Layer . . 27,28 Photegraphe =. ’ ny, 16, “9 
Novae (New Stars) 12; magnitude. 17 Right Ascension, 3; at 5 to a.m. xiv Ratio, . 

Liat of, ¥iii ; observing, 42: Super- Ja a Conversion To kan sir 43 Rising and Setting of, Bro M4 
Nubecula Major, and Minor, 14; Map [6 Rings, A’, £-, M- . Rotation . : . ae 
Nucleus; atona, 25; alec ia; jaunepob, 26 Roinan. Letters to denote stare, origin 1 Sphere : 2 
Nutation . a, 7 Rotational Term of Galaxy - WW Streaming, and Vertioes . i 
Obliquity of Eliptie : “= Rotation, eynodic, sidereal #, 32-5; oe a1 Temperatures, 21; Twinkling . 85 
Cheerving, atmospheric conditions, &e,, 29 Russell Diagram . i 18 or clnasea . Fe-10 

Sun, planeta, ke, ‘ . 444 Saha Effect . ‘ " B o" Variable, vi, 12, 424 Observing. 42 
Ovoultutian, 37, 41; eee -Perlod, 48 Baron Cyele r . a Lists af, » Mapa 1-16 

of Jupiter's moons : a Saturn, rings, &c. i vill, Ba, 3 Velocitios " 19, 21, 22 
Opacity  . ee Scales of oda: Harvard, &c.. 16 Visible and invisible from any place 2 
Opposition ; af plancta, 6, $2-85; -magnit, 17 Sereens: water, quartz, fluorite . && Stellar, see Star 

vourable, meaning of . A & Seochi's Star Types « 36 Storma, M “ae = + . 27, 38 
Osculating Orbit. ; - : Secular Acceleration, 6; Periods : § Sun, see 
Osculation Epoch . Selected Arena, Kapteyn's vi Surface ; “Brightness, 18; of planets 36 
Persian, annul, diurnal, Se, 14: Table vi Selen ‘aphic latitude & longitude a4 Symbols & abbreviations, Astron. vii, xvi 
ht years Sensbly, Astronomical meaning of 2 » see alag facing front cover 
Paves, def, of, 15; = km/sec. velocity xi Sequence; N, Polar, 14; Main . 18 Bynodie Perioda 6, 22-34 

= Parallax 3 Shadow, or umbra, in eclipaes P a7 : Bolur, 32; Stellar, or Galacti, 16 
Peculiar-* Motion, 15; eapeghieer gra Shudow Bauds : ee Syeygy, definition of i 5 
Pegasus, ‘Great Square’ of, defined 2, 37 Shooting Stara (meteors) . . 36,43 Tangential Motion ond Velocity 16 
Penumbra, in eclipees, 37 ; in aunepots 26 Sidereal: periods, #, $2; -Timo,? i& Table, xiv Telescopes, 44; Care of, and Cleaning 49 
Periastron, meaning of - i Signs of the the Zodine, 3; Symbols ditto, xvi Adjustinents =. 50 
Porigee, Perijove, dc, ening of 5 ‘Sirian' and ‘Siriat-solar' Stare . 19 Equatorial Head . ; rj 
Perihelion ‘ 5 Siriometer . : ; . 10, 14 House 47; Stands 5 - 46-49 
Period Luminosity Curre , . 20 Sirius : : : Map & Magnifying power, &c., to find 45 
Periods; Sidereal, Rotation, &e. . a Solar, Sun : Separating power of, 44, 46; Testa for 46 
Pertur bations ; 5 Baily’s Beads. ; = ay, Tellurie Lines ag 
Phase, 7,20; on Maorsand Jupiter, " $3, 34 Constant, Coron , “ae Temperature, Absolute, &e., a1: Tables, xi 
Fhasie 5 Eclipses . b Fi aT Pf istars, 16-21; Sun, 27; "Planeta 85 
Photography, Stellar, 40; Photos “11, e Faculie, 96; Floceuli ‘ a7 Temporary Stars, or Nove . » 12, ix 
Photoaphero : Magnetic Pole. 7; & ‘Terminator, Moon's . 98, 29, 31 
Physically connected % Obeerving, 40; Prominances ; oT Tide-interval z 
Planets (sve also under individwat names) Rising and Setting of xii, xiii Time, vurious kinds, 9; Equation of xii, 8 

Atmospheres =. . fb Rotation, 24; Spots  . « 28, 27 Topocentric * 4 

Density, Diameters, Distances . 9 System, Table ; ‘i os Transit, upper and lower. a 

Inferior . : : ie Tenrperaturo —. ‘Transita 8; of Mereury and Venus t a7, 42 

Magnituces . 5 : 17 Solstices, Solutitial Golure, F aoa - Fs of J upiter’ aentellites . it 

Major, $2- Minor : a Beattie meaning of x Transitive (atomic) ; ,. 

Noteaon . . 82-85 read ian : 03 Tropic, definition of a ; 8 

Observing, 41 ; Orbita of . PBand, E . — definition of . 7 

Periods, 6, 92; Radiation . Meme = 19 ht, 38; duration of, xiv 

Spectra: pee ; ; 32 7. abe of ne ee ao coud of Stars, 88: of Planote 32, 34 

Bymbole . . ov Spectrum, Star classifie'n by 18-19; Flash % Ultimate lines in Spectrum - 26 

Temperature . 85 Standard Regions, Harvard : vi Ultra Neptunian Planets. ah 

Trojan Group. : er Squares, Method of Least . : ix Umbra, in eclipses, 37; in sunspots 26 
Planetary Nebula . ; ve 18,42 Star, Stara, Stellar : Unit; Astronomical Unit Distance ld 
Planetographie ; : 4 Bayer and Lacaille Letters. a eat Universes, Island. 14 
Plaskett's Star : 20 Binary, 10,11; also Jasts, hone i-16 Uranus, and moons, 14 ; inagituds, 17, 32 
Pleindes (star cluster), 11 . . Map & Brightest, List af 7 fe Van Maanen's Star , i 20 
Plute : : "$9, a4 Brightness, 16-17; Table of x Variable Stara, types of  . » I 
Polaris, or Pole Star + difeg 2 Catalogue . Vi, Vil Velocities, Hadinl, &e, 15; on 2 
Poles; Celestial, 2; Ecliptic, 2; Galuctic, 10 | Charta, why they get out of date 6 Velocity af Eseape . 24, viii 
Pores, Selur 24 Cireumpolar , oil Venus, 33; Observing . 3d, 41 
Position a Asal meaning of, fhe. 3, b, 28, = Claasifiention by spectra . . . Vertex of Sun, Moon, and planete 8,5 
ia : ; Clock or Fundamental . F Vertical, Prime, ssi at = . 4 

rete + (etar eluater): PO se * atap ; Clouds . 1 Vesta ; 55 
ing. North, & South; meaning of, 39 Clusters, 11; ala Lists af, Maps hie Walled Plaine ; ‘ . 28, 30 
Srerenicn, vi, 4; of the Equinoxes 6 Colours, . 3 18 Wave-lengtha, various, 22; long, short 24 

Table of . ; ; Pad Counts . : : ; vi Weicht, ot observations  . » 14, ix 

“Line 2 . eT Densities . ; ; : 20 White Dwarfa : : + 20, 21 

‘en tical, definition of ‘ 4 Diameters ‘ : » 2 Wileon Effect ‘ 26 
Procyon B. ‘ lf Distances fa Wolt-Rayet stare, 13, 14, 19: banda 42 
Prominences, Solar, 27; how to sca 40 Double, = te. il; Lids, Maps 1-16 Wolf's Sunspet Noa, : 27 
Proper Motion, 14, vi ; Stars =— geval, 1a Drift 1b Years, Various kinds of  . ‘ 8 
Protons ‘ 23 Dwarf. : . 20 Zeeman Effect : . 
Proxima Centaari . ; Het 17 Early and Late Type = ; 18 oli 4 
Peeudo: Cepheid Stara : - Ellipsoidal Variables =. . ographic Tat. & long.; Zenocentric o 
Purkinje Effeet . : ‘ 42 Faintest visible . . . 16 Symbele and Signa 





Quadrature of Planeta, &e. . 6 Fixed =. - : ; z pica tight t and Zodinaal B Band . : 26, tM 


vi ASTRONOMICAL CATALOGUES, CHARTS, de. 


Star Catalogues are mostly found only in the annals of observatories or astronomical societies, They are of two 
types: (a) Catalogues of precision, giving the positions with all possible accuracy; (6) Durcimusterungen, designed to 
give star positions to mag. 9 with moderate accuracy only. 1900 is the standard epoch for the present (I.A.U., 1935). 

A survey of star catalogues from the time of the earliest Greek astronomers till well on in the 19th century, will 
be found in the Memoirs 2.A.S., Vol.43: the triennial 7'ransactions of the L.A.U. reviews the latest issues, See also 
Valontiner's Handwérterbuch der Astronomis, Some notes on catalogues are given below; various contractions, on p. vii. 

In star catalogues, the + and — signs for precession and proper motion are added algebraically, so that in 
correcting the star's place, ike signs are added, unlike signs subtractert, 

General Catalogues,—The most complete catalogue of precision is that of the Astronomische Geselluchaft (A.G.C. or A.G ), 

which gives positions for all sturs to mag. 9, N. of 20°S, Dec. 

Boss's Proliminary General Catalogue (P.G.0., Ind Edition, 1915), gives accurate positions and proper motions of all 
naked-eye stars: magnitudes are on an old light ratio, see p, 16. A more extended one is in preparation, 

Tha Henry Draper Catalogue (H_D.), gives the positions, magnitudes, and spectral type of 225,000 stars to about magnitude 
10 (#.., vola.90-99; precession and proper motion data are not given). Earlier works are the Revied Harvard 
Photometry (HBL) 1908, in AA. vol. 50; the JP. 1808; Gould's C.G_4., 1880, and 0.4., 1879, 

Deiter Pundsdmental Katalog. (F.K.3) of the Berliner Astron, Jarbuch. To be used as basis of international ephemerides. 

Scilesinger's Catalogue of Bright Stara (B.S,) to mag. 6-6, Pub, Fale University (he., 1930, (by side, 

Backhouse's Cat. 1911, of all naked-eye stars, is good and inexpensive ; the magnitudes of various authorities are given side 

The VA. gives some 600 bright-star positions annually, The Geschichte des Piraterahimmels (G.F.EL), when completed, 
will contain all meridian observations made before 1900, 

Parallaxes. Svidesinger's Catalogue is a compilation of all published parallaxes, revised to 1945 (Jub, Fate University Obs, ), 
Boss's P.G.C,, sea above, Spectroscopic Abwolute Maqnitudes and Poratlaxes, Mt, W. Contr., No, 611. 

Proper Motions,—Foas's P.G.C., see above. Pub. Cinetanati Obeert,, vol. 18, gives all proper motions known to exceed 10” per 
century, The Higenbeweguags Leriton (E.B.L., Hamburg Obs.), gives references to all published proper motions to 1935. 

Radial Velocities, —List of over 1000, Ap..J/., vol. 57. Moore's Racial Velocity Catofogue of Stars, Nebule and Clusters, Pub, 
Lick Obs, Vol, 18, 1932, 

Nebul# and Clusters.—The standard work is the ‘N.G.C! or Yew General Catalogue (in vol.49, Memoirs R.A.S.), extended 
by the Jnder Catalogue (1.C,), 104, 19098; ace also Melotte's list, Mem. /L4.8., vol. 60, partv., p. 15, For lists of the 
Globular Clustera, see ALA. vol. 76, and W.C.0, Bulletin, 776. 

Dark Nebulz,—Barnard’s Photographic Atlas and Catalogue of Dark Nebulw, (Ap, vol. 49, 1918.) 

Variable Stars.—See Hagen's Attias Stellarum Variabitivm with catalogue (1899-1908); various publications of Harvard 
College Observatory, and the Reporta and Annual Handbook of the B.A.A. 

Double Stars.—Aurnham's General Catalogue of Double Stora (BGC), and additional vols. Aitken’s Double Stara (A.D8.5, 
within 120° of N. Pole, epochs 1900, 1950 ; all measts, to 1926; practically B.G.C. extension ; Pub. Carnegie Inatit., No. $17, 
@vola, Jnnes's Southern Double Star Catalogue (8.D.8.), south of —19", about 1027. Moore's Fourth Catalogue of Spectro- 
scope binaries, (4.0.8, 453), 

Minor Planets.—History and summary of all work done up to (108) (1928), Pub, Lick Oba, vol. xix, 1. 

Map of Mercury by M. E. M. Antoniadi, in Z’Astronomie, Oct, 1935, 

Map of Mars, by M. E. M. Antoniadi, in four plates, vo., in L'Aatronomie, 1930, p.411. A beautiful map, from the same 
author's La Planite Mars, 1059-1929; 240 pp. 4to., Paris; a valuable summary. See also Webb's Celestial Objoots, 

Maps of the Moon. Sve p.31; also “ Who's Who in the Moon,” notes on all lunar formations adopted by LA.T. (Afem BLA.A,, J505), 

Wave-lengths.—owland’s (Reviaed): Pub. Carnegie Fnatitute, No, 300. 

Galactic Co-ordinates, Table in Schlesinger's Catalogue (TS., above), and Lund Annals, vol. 3, 1933, for 12h. 40m. +28", 1900; 
also in W.N., vol. 53, p.74 (Marth, see p. 10). See also Charts 17-18. 

Telegraphic Code (1.A.11., Revised 1935), See BALA. annaal Handbook, 1926, for the more important items, 

The Year's Progress.—See the Aunual Report of the Royal Astronomical Society (Feb,), a valuable summary ; 
it gives the names and numbers of the recognised minor planet discoveries. The Yearbook of the Carnegie Institute 
wives some useful summaries, Seienee Abstracts (Physical Section) indexes papers in the principal astronomical 
publications of the world, Sve also the Bulletin Astronomique, and the Astronomische Jahrbuch, 

For earlier astronomical literatare, the Jnéernational Catalogue (discontinued 1917) indexed annually, under 
the various subjects, the papers in the principal astronomical publications of the world, Houzean’s Vade JMecwm 
de ['Astronome (1882) is alao a good guide, 

Star Counts or Gauges, originated by Sir W. Herschel, are used for ascertaining the distribution of the stars 
on the star sphere. A number of representative areas are selected; the stars in each are carefully counted, and their 
positions, magnitudes, proper and radial motions, spectra, and parallaxes, ascertained, so far as is possible, A Table 
of the number of stars of each magnitude, per square degree, is given in the B. A.A. Handbook for 1926, 

Selected Areas (Kapteyn'#; 5.A.), a great photographic Star Count of some 250,000 stars (limiting mag.16, Inter- 
national), had, as planned, 206 representative areas, each 75° square, or circles 42° in radius, on or near the circles of 
N.and 8, Deo, 0", 15°, 30°, 45°, 60°,75°,90"; also 46 Milky Wayarens: this, however, proved too onerous for rich regions, 
and some areas were restricted thua—Galactic longitude Nvand 8., 0°-20°,40' x 40'; 20°40", 60° x 60; 40°-90"" BO’ x 80". 
The results are being published by the various co-operating observatories over the world; refer to T'rans. £.A.U. reports, 

Harvard Standard Regions,—Similar to the V7. Polar Sequence (p.12; 4.4. vol. 76, No.3). A-catalogue of 2500 stare 
giving magnitudes, spectra, colour indices, &e,, for the whole sky ; 48 centres of 30° each ; H.A., val. 76, No. 4. 
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ASTRONOMICAL CATALOGUES, de. 


Vii 


Astronomical Societies, Publications, &c.—Contractions commonly used, Standard contractions are now being prepared. 


first list of General Contractions, and those for Places. see Trans. LLA.U. 1928. 


Publication, or Society. 
AAS, American Astronomical Sociaty. 
AAV S.0, American Association of Variable Star 


H.B. = Harvard Bulletin. 


General, 
Publication, or Society. dn Annals. 
H.A. Harvard Observatory Annals, App. Appendix. 


As. Association, 


AE. American Ephomeris, [Observers.| H.C. Harvard Circular (Harv. C.), B., Bull, Bulletin, 
AG.  _Astronomische Gesellschaft, H,.0.0, Harvard College Observatory. Cat. Catalogue, 
A.J, Astronomical Journal. LAU, LU.A., U.LA. Internat, Astron, Union. =| Cir, Circular. 
AN.  Astronomische Nachrichten, d, Journal, (prefixed to Society nameas/..A.4.), | Cont, Contributions, 
ApJ, Astrophysical Journal, 7.0. Journal des Observateurs, | Edu. Edition. 
A.S.P. Astronomical Society of the Pacific. L.O.B. Lick Observatory Bulletin (Lick B.) i. International. 
BR. Bulletin (Pretixed), M.N, Monthly Notices Royal Astron. Society. | Fat, Jnat. Institute, 
B.A. British Association. Mt.w., M.W. Mt. Wilson Observatory. Af, Mem. Memoirs. 

7" Bulletin Astronomique. Nat. Nature. May. Magazine, 
BAA. British Astronomical Association. N.A, Nautical Almanac. O., Oba. Observatory. 
BAN. Bulletin of the Ast. Inet. ofthe Netherlands| Cbs, The Observatory. Pr, Proceedings. 
BJ. Berliner Jahrbuch. PB. Publications, Proceedings. (prefixed to Societ | P.Pub, Publications, 
B.S.A.F. Bulletin de Ia Socidté Astronomique de | P.A. Popular Astronomy. —[name, as, P.4.8.P.). or Published, 
0.0.  Citicinnati Observatory. [France| P.A.S.P. Pub'ns of Astronomical Sooy. of the Pacific. | &, Review. 

C.R. Comptes Rendus (Paris Acad, Sciences). Phil. Trane, Philosophical Transactions of the Royal | Hp. Report. 
O.T, Connaissance des Temps. K.A.8, Royal Astronomical Society, [Soey. | 8. Socy. Society, 
D.A.O. Dominion Astrophysical Observ., Vietoria,| R.AS.C. Royal Astronomical Society of Canada, a. Smithsonian. 
B,0. Dominion Observatory (Ottawa), [B.C §.A. Scientific American, Tr. Transactions, 
E.B. Env om ay Britannica. » Selected Areas ( Kapteyn's), p. vi, Foi. Volume, 
ELM. English lochanic. U.0.C, Union Observatory Circulars, Yh. Yearbook, 
VoLS. Verteljahraschrift der Astron. Gesellachaft. | #9  Zeitechrift 


Astronomical Catalogues.—Contractions in ordinary use the letters are often used without points), 


Contraction, With number added, = Number in; — 
(A.C.) Astrographic Catalogue,* to mag. 11 (in progress), 
A.DS. Aitken's Double Star Catalogue, 1982 (see p. vi), 
AG. A.G.0, Astronomische Gesellschaft, Catalogues (see p.vi). 
(Arg.) Argelander. (See B.D. below}, Bretercw 
(B.) Birmingham's Catalogue of Red Stars, 1877, (See E-B.). 
B, (In Nawéival Almenae) Bode's Catalogue, 1801, 
B.A.O, British Association Catalogue, epoch 1850 (Baily, 1845), 
B.D, Bonn Dorchmusternng (Aryefandor) to 8, 185 * 
2" to 23" South De seonidad ¥ Schinfiald (1886) 
Burnham's Double Star Cutalognes(not his General Cat. 
B.G.0. Burnham's General Cat, of Double Stars, — [B.G.C.)} 
Br. Auwer's reduction of Bradley's Observations, 
(Bris. or Br.) Sir T. Brisbane's Catalogue of Southern Stara, 1835, 
OD. Cordoba Durchmusterung, 22° to 42” 8. [(Gonld) 1886, 
0.G,A, Catalogo General Argentino, 32,448 Southern Stars, 
C.P.D, Cape Photographic Durchmusterung, to 9, 19° to 
Prod" South Deo, (Gill and Aepteyn), 1896-1903, 
C4. Cordoba Zone Cat. of South Stars, Nos in zones of Dec* 
(A) Dunlop's Catalogues of Double stars and Nebuke, 1828. 
(E-B) Espin's edition of Birmingham's Cat. of Red Stars, 1888, 
E.B.L, Eigenbewegungs Lexikon (Afambuerg (be.) of all known 
FK3 Drittor Fundamental Katalog (p. vi.), [proper motions. 
a. (In Brit. Naut. Almanac)=U_A. 
G.F.H, Geschichte des Fixsternhimmoels, see p, vi. 
Gr 


H. Sir W. Herschel's Catalogues of Double Stars,1782-1822. 
i (In Vewtical Almenec) Hevelius's Catalogue, 1660. 

H. ¢  f& " ) Heis' Catalogus Stellarum, 1872. 
(Hous.) Houzean's Uranometrie Générale, LSTA. 

h. 


Sir J. Herschel's Catal s of (1) Nebulm ,1633, 1847 ; 
and (2) of Double Stars. aie Pirent® 


Groombridge's Cat. of Circumpolar Stars for 1910, 1888, | 


Contraction. With wember added, = Number in:— 
H.D. Henry Draper Cat, 1918-24 (vols, 01-99, Harvard Annals}, 
GP, Harvard Photometry (Pichyring), 1884. (27_A. val. 14)., 
H.R. (also ROA.P.). Revised Harvard Photometry, 1906 (vol. 0, 
LC. Index Catalogue, extension of N.G.C. 1904, 1908. [#7.4.), 
(Jac.) Jacob's Catalogue of Double Stara, 

Lac.) Lacaille’s Catalogue of Southern Stara, Epoch 1750, 
WARY HON ved iia aes knee ie 
Lior Lal. Lalande’s Cat., Epoch 1500, pub, by the #4., 1837, 


M. Measier’s a of 103 Nebula & Clasters, pub, 1784, 
eprinted, , Aug. 1918; and PLAS LP, | 53 M17, 

N.G.C. New General Catalogue (of Sir J, Herschel’s Nebulie and 

Clusters, Dreyer), 1888, Vol. 49, Memoirs, RAS. 

O.A. Oceltzen’s reduction of Argelander's Zone Observations, 

PD,  Potsilam General Cat. (Supplementary vols., P.P.D., &e,) 

P.G.C, Preliminary General Catalogue of 6188 stars (Boas), 1910. 

ph. Great International Photographic Star Map, 

Pi. —_‘Pinzgi's Star Cat,, epoch 1800, 1803-14,+ 

(Rus.) Russell's Double Star Measures (Sydney), 1891, 

(5.) South's Measures of Double Stars, 1830. 

(Sa,) ‘Santiago Observations, 1876, 


S.D,8, Southern Double Star Catalogue (Jnnes) 1927. 
(S.M.P.)Southern Meridian Photometry (Harvard), 1895, 

(St) Stone's Cape Catalogue for 1880, or Radeliffe Cat., 1890, 
W.B. Weisse’s reduction of Bessel’s Zones, equines 1825; Nos. in 
W.Z.C, Washington Zodiacal Cat,, 1900, 1920, hrs. of R.A, 
U.A, Uranometria Argentina (Gould), 1879, 


U.0O. Uranometria Nova Oxoniensis (Pritchard), 1885, 
Wilhelm Struve’s Dorpat Cat. of Double Stars, 1837. 
do, do, Appendix I. 
Oz Otto Struve's Revised Pulkova Catalogue, 1850, 
OZE Pulkova Catalogue, Part I. 


* In this onse the sone is stated as well ax the number: thus B.D. + 18° 2902 means star No, 2302 in the 13° zone, north Dec, in the B,D. 
+ The numbering commences anew in each hour of R.A.; thus V" 123 denotes star No, 123 in the gone of Bh, RA. 


Vili ASTRONOMICAL TABLES. 


Bode's Law.—Taking Mercury as 4, adding 4 to each term of the geometrical serios 3, 6, 12, 24, &e., gives the approximate 
distances of the planeta up to Uranus, but not Neptane’s: Pluto is near the position Neptune should occupy. No reason is known 
for this curious relation. Bode remarked that a planct was nissing at the distance where the asteroids were discovered later, 

Mercury Venus Earth Mars Asteroids Jupiter Saturn Uranus Neptune Pluto + * 
Le Hi ii 12 24 43 v6 $2 oo 768 one 
4 4 ‘ 4 4 ge 4 4 Wn be si. satroey 
Dist. fr.Sun, Bode 4 7 id i¢ am 58 £100 196 SBS 772 ae 
» Actual ... 39 72 To 152 27-4 52 95°4 192 301 305 


Albedo of the Planets. [Russell's figures are for Bond's Albedo (somewhat different from Lambert's original definition 
on p. 7: see dp. f., vol, 43, 1916), 


Planel ne 
Geometrical Serica 
Atif sy 





Albedo :— Mercury Venu Earth Moon Mars Jupiter Saturn Uranus Neptune Pluto 

(Zollner, 1865) 2. ‘13 60 at) a ; a, ae, i i. Tie | Geoes 
(Miiller, 1897) vee HA 46 20 "13 ‘12 “iz “Ts “G0 62 en ae Sack: 
(Russell, 1916) ws AT “HO ‘hh 47 of) “feb “Ha “13 ar: | os we | 70.18 


Saturn's Rings.—Approximate date of Earth passing the ring-plane; and Saturn's heliocentric longitude. Dates not 
“07° are minima: the Earth did pot quite pass the plane of the ring in 1896, though extremely near doing so. 
Date fat, fomgy, Exnte lat. dome. Date fat, long. Date fort, Tomer, 
1889 Deo. 13, =—TY 134°] 1907 Apr. 12, 0" 348° 1920 Nov. 7. 0° 167° 1036 Jun, 28.(+4+0") 346° ne ah 
1801 Sept.22. 0° 1704°]] ,, Oct. 4. O° 354° [}1921 Feb, 22 O° 183" 1937 Feb, 21. 0° 354" 

1892 May 31. +0°4 1794"|}1908 Jan. 7. 0" 358" » Ang, 2% 0° 189" » Nov.28. -2)° 4° || 


Parallaxes:—Sun, Adopted at Paris Conference, 1911, 8"°80.* 
Moon, Equatorial horizontal parallax, at mean distance, 67' 2"-7. 
Asteroids (approximate maximum), roa, 62", Amor, 73". 1082 Ady 4. Adonis, BY. 
Stars. The parallaxes of several of these wre given in the Tables of the Brightest and Nearest Stars on page 53, 


Planetary Colour Indices, &c,—" Sun's ftadiation" gives the amount received per unit of aren. 
Mercury Venus Earth Moon Mare Jupiter Saturn Uranus Neptune Pluto 


Colour Index (Sun072) +... +001 «$12 +145 +006 +1728 +004 +... O67 aes aa 
Sun's Radiation is tee 19 it 10 Ong O44 ool ons Ofn01 O0008 pee" 2a 
Velocity of escape, km/seca.oG 10-2 113 a4 at 80 a8 a] 23 3} Me ai 
Stellar Colour Indices.— 
Type of Star... ae O HO 860A Fo Go Ko M MS Ne R s 
Colour Index, res . Giants... -O032 OO +4038 +086 41465 +168 .. +56 4... iis 
ilo ate .. Dwarfs... -032 OD 4038 +072 40098 41°76 =... a ait 3 
Heat Index (average), in Maguitudes ... -O'1 Of 403 407 412 423 =... si er Gan 
Surface Brightness, , Ginnta.. -32 -23 -10 403 +23 445 = = ... es “es <3 
do , Dwarfs... -32 -2393 —10 oo +12 +35 ae ey 27 As 


Nov#.—Many so-called New Stars have been recorded in years previous to those given in the list below. Thus the 
appearance of a new star about the year 150 1.¢. is said to have led Hipparchus to make his catalogue of stars, But generally, 
the old records are vague and indefinite, and, in some cases, undoubtedly refer not to Nova: but to comets. 


Modern Nove.—Only the brighter Nova are included in this List. 
oben Sami— =— > gag 1 ane ens 5 brs . Sen » ak LA |» Bee 
1672. Cassiopeia (B) >1) 88°) + 2°] Ob gem) +63 53’ |] 1910, Are ... —... 60 | 908" — 5°) 164 37m |— 52° 20’ 
1400, Cygni No.1 (P) #5) 43) + 0/720 16 | +37 52 1912. Geminorum No.2 33 | 152) +16) G6 62 |+38 12 
1604. Ophinchi No.1 >1 | 392) 4+ 5/17 #8 | -21 27 || 1913. Sngitte a. TR] 25) — 8)20 G& |+17 38 
1670, Vulpecule(11)... 3) 32)- 0} 19 46 | 427 1 1917. Ophinchi No.5 65 321/+ 8/16 40 |-88 a3 
1848, Ophinchi No.2 55 335) +1616 ST | —12 48 1918, Aquile No.3 =-07 1}— 1718S 46 |+ 0 38 
1860, Scorpii (T) ... 7 | 821/418 /16 lM | —22 31 1919, Ophiuchi Pe bs T| +12 )18 Tl |;+1l 36 
1866. Coronm (T) ... 2] 10) +47 )15 57 | +26 4 |] 1919. Lyre .. 66) S7/4+11)18 © {+29 8 
1876. Cygni No2(Q) 3] 68/- 8} 81 40 | 449 34 || 1920, CygniNo,d ... 18) 56) +12)19 B57 |+0a 28 
1885. Andromedm(S) 7] 89/-21/ 0 40 | +40 59 |] 1925. Pictoris (RR)... 11 | 240) -—25] 6 36 |-62 36 
1887. Persei No.1 (V) 9-2) 100) — 4] 1 68 | +656 99 || 1934. Herculis «. 13] 40) 425/18 7 |4+45 5&1 
1891. Aurigw (T) ... 45) 145)- 0] 5 29 | +30 25 |] 1936 Lacerte: « 20] 70) -— 1/22 14 |4+55 29 
1898. Normm (RR) ... 7) 295) + 4/15 96 | —60 35 1986, <Aquiloe . TO f|/— 6119 15 |+ ] 38 
1895, Curing (RS) ... 8) 259/-— 1/11 6 | -81 40 || 1936, Sagittarii . 45) 325/- 8/718 & |-34 21 
1695, Centauri(Z) ... 7] 263) +29)13 87 | -—31 25 1936, Acuilie . 50/7 11);- 61719 84 |+ 7 20 
1895, Sagittarii Nel 47/350) -10/18 59 | -—13 14 |] 1942, Puppis . Od | S21) +07 8 lo |—-3 18 





a * * é: 
. . a = 














16a. Bavittarii Naa BG 395 618 7 — 25 la +e ase Pere er and hee 
1899. Aquile Nol ... 7 4/—- B8)19 18 |- O 14 

1901. Persei No.2 ... OO) 119) - 9] 2 BA | +43 24 

19038. Geminorum No.) &1) 153) +13 | 6 41 | +30 0 tee on oe oe oe 


1905, Aquilm No.2... 9) 368)- 6/19 O | - 4 31 

1910, Sagittarii No.2 75/331) - 317 57 | —27 33 

1910, Lacerte No.1 6.0] F1l!'— 5122 38 | +52 22 ain i acs ree 
* From observations of Eros around the opposition of 1931, the value ie 8710 + 0001 (neo BALA, Handbook for 1942). 


ane Lat 


NOMENCLATURE, de. ix 


Nomenclature of Minor Planets, Variable Stars, Nove, &c.—Systems that answered well in the early 
stages of discovery inevitably tend to become inadequate or unwieldy as discoveries increase, and from time to time 
they have to be revised. The following modifications have been made in the original systema, 

Minor Planets. Each new discovery, before the number and name is given (p. 35), is temporarily assigned distinctive Roman 
letters, as not infrequently, a auppoaed new asteroid proves to be identical with one already known, Originally a single 
letter sufficed, and the year ; but in 1803, the double form AA to AZ, BA to BZ, &e,, was introduced (1 being omitted), 
this new series being continned right on until ZZ was reached, instead of beginning the alphabet afresh each year. A 
second alphabet was begun in 1907, with the year (1907 AA, &c.), and « third in 1016—terminated with UA., Dee. 31, 
1924, when 4 new system was-started to enable belated discoveries to be inserted in approximately their proper place, 

Under the present system of temporary nomenclature, the double alphabet begins afresh each year; the discoveries 
of Jan, 1-15 are AA, AB, AC, &e.; of Jan. 16-31, BA, BB, BO, &c.: of Feb. 1-15, CA, CB, &e,, the year being added in 
eich case ; if more discoveries than 25 in half a month, AA,, AB,, &. Minor planets are in the care of the Rechon- 
Institut of Berlin, which attends to the numbering, ke. When unnumbered, the orbit is not sufficiently certain, as 
1932 HA, bat a name may be given, as it is more convenient for reference. (Annual summary in Jf, February), 

Jan. A,B; Feb, C.D; Mar, E.F; Apr,G,H : May J,E ; June LM ; July N,0; Aug. P,Q; Sept. RS; Oct. T,0; Nov, VW; Dee: x Y. 
Variable Stars. Argelander designated those not otherwise lettered or numbered, in any constellation, by the Roman capital 
letters, R, 8, T, U, ¥, W, X, ¥, Z. After 2, the double form RR to RZ, 8S to SZ, TT to TZ, and so on to 22, wie 
used, which provided for 54 variable stars in any constellation, As that number proved insufficient, AA to AQ, BE to 
BQ, and so on, was employed, J being omitted. The simplest system, which denotes the variables of each constellation 
by the letter V, followed by a number—thus V1 =R; V2=8; Vid = ZZ, &o,, is to be used from V™, when QZ is reached. 
Letters are assigned when the variability is confirmed; provisionally, Novmw and ordinary variables are now designated 
bya number, year, and constellation, Nova Aquil@ 1918 being 7.1918 Aquilm, in the ‘variable’ discoveries of 1918, 

Novae. The older Novw are designated by the constellation and year in which they appeared, thus, Vowa Scorpii, 1342.0: 
some having also « ‘popular’ name, as Kepler's Star, Tycho's Star, &e. Modern Nova were similarly designated till 1925 : 
if more than one appeared in constellation, they were numbered successively Nova L., Nova II,, and so on, of that con- 
stallation, in order of discovery, disregarding the Novm befura 157% As many Nove were only discovered years after 
their appearance, when comparing star photographs of the same region taken at different times, this sometimes reaulted 
in the numbers being out of order as regards date of appearance: the nomenclature was therefore altered to constellation 
and year, with the date in tenths of a yoar, if more than one in a year. 

Primary and Secondary Stars,—The brightest star is A, the companion or companions 5, 0, &., aa Siriue A and B, 

Comets.—Entirely new comets are usually named after the discoverer, adding the year, as Donati's comet, 1958. 

Comet a, Comet b, &e., denotes the first, second, ...... comet diwovered that year, whether new or already known, 
Comet I, Comet II, &eo.,  ,, in ” ‘o arriving at perihelion that year, ditto 


Some Terms occurring in Astronomical Papers, (Fuller details in Young's Revised Astronomy, by Ruasell, de.). 
Errors of Observation,—These are of two kinda: Systematic Errors and Accidental Errors (seo page 7, Equation). The 
former are detected by observations repeated with different inatrumenta, &o., or by comparison with resulta obtained by other 
methods ; the latter errors are erratic, but can be allowed for by analysis of the sail discrepancies between the individual ob- 
servations of a series, or between observed and calculated values—which discrepancies or differences are known as Reridwads, 

The Probable Error (P.E.), of « series of observations is a value derived mathemmtioally from these residuals; it affords an 
index to the reliability of the figures given, and is prefixed by the sign +, which means that it is an even chance whether, by the 
amount of the probable error, the value given is greater, or less. ‘The amaller the probable error, the greater the reliability. 

Method of Least Squares.—A method used to ascertain the most probable mean value derivable from a number of different 
obaervations, It is based on the principle that the ‘weights’ (degree of accurucy) of observations, with different probable error, 
are inversely proportional to the squares of their probablo errors, 

Interpolation; Extrapolation, — nterpolation is the proces: of finding values for datea, hours, quantities, &c., intermediate 
to those given ina Table. For ordinary purposes, the proportional amount of the difference between the figures for the two 
nearest dates, quantities, &e., usually suflices, it being assumed, for simplicity, that the change in the interval is uniform; o 
more accurate result, useful when maximum or minimum occurs between the dates, is obtained by plotting on squared paper 





‘several successive dates, or figures, on each side of the one not given, and drawing a curve through these points, 


Extrapolation, a similar process, extends a series of figures beyond the limit of the last figure actually known ; there being 
only one limiting figure, however, it is less aimple than interpolation, 

Contracted Notation employs the factor "10,' with small index figures, to express large numbers in a small space. The 
index figures may be taken as indicating the number of ciphers to be added after the 1. A minus before the index figures india- 
ates a fractional number, vis, 1 divided by that number; thua 10-!= 1/1,000,000th or 000001, from which it appears that minus 
index figurea show the position, after the decimal point, of the first significant figure of the decimal fraction, the number of ciphers 
before the 1 being one less than the index number, The following are examples with decimal factors:— 

1°23 x 10% 1-23 x 1,000,000 oF 123 « 104= 1,230,000, 1-23 x 10-t= 1-23 ‘000001 or 123 x 10-*= 123 x 00000001 = 00000123, 
Note to make the indox of the 10 such that the figure before the decimal in the other factor is 1 to 9 only ; thus 1-23 x 10° is correct, 
not the 123 x 104 illustrating the working: the index of 10 (both + and —) is then the ‘characteristic’ of the logarithm of the No. 


O10 vee ee ace, = 1 With 1 cipher after it| 10-7 -01 a = 1 in the Ist place after decimal point. 
IOP EO ee aS RS 3 ciphers ,, 10°37 =0-01 /1/100th) » «» 2nd s si 
1 =1 million ae ae ea A as OFS 10-* = 0°000001 (1/millionth) » 6th es y é 
i | a, i rr 4 10“ =00000001 (1/10-millionth),, 7th —,, e ~ 
10° =1 billion (U.S.A, &e.) Pia we Mel 10-* = 1/billionth (U.8.A.) » Mh Og i ‘ 
al, mon (British) Loin 12 4» 4 10-H i (British) » 12th " i “ 





® ASTRONOMICAL TABLES, 
Magnitudes and Relative Brightness of the Sun, Planets, and Prinelpal Stars, (Ist magnitude star taken as 1-00), 


Maine ot Star, bo. | Al |Mrightnees | Mam otter = LE | Reiner Nameot Bier = UE Ue Newie of Star 





Sun vee = 266 |( GUM, |] Achornar =... 000) 1-45 |] ¢ Canis Major. 163) O56 |] 8 Canis Major. 
Moon (Full) -122 190,550 || @ Centauri ... 086) 114 |] ¢ Urem Major, 168) 063 || 8 Canis Major, 
Venus (max,) —4-98| 1204 || Altair... ... O88) 111 y Orionia =... D70! O08 Magnitude 
Jupiter*® ,.. —225| 1005 || Betelgense ... 002/) 1:08 |] a*Centauri ... 170) O52 || Polaris i 
Mars* oe —=895 | 1005 | Magnitude 1-00) 100 A Scorpii ... [71 ) O52 Magnitude 
Mercury (max) —-1:8| 1916 |} Aldebaran ... P06) O05 e Carinm =... P74 | O81 iP ‘aa 
Sirius = «as —1°58| 1077 || Spica... «.. 121) O82 ff € Orionis ... 175) O50 m ese 
Saturn® ...{5018 | i” || Pollux... ... 121] 08% || BTouri =... 178) O49 ‘i ne 
Canopus ... -O'S68| 655 || Antares .. P22] 082 || ACarinm ... 180] O-aB is ee 
Magnitude OOD) 2-51 Fomalhaut ... '20| O77 @ Triang. Aust. 1658] O44 | a ois 
Vega ws «=OL4) 3-21 || Arided ie P39) O74 a Perset a. PDO) O44 a a 
Capella ... O21] 207 || Hegulus a» 134] O73 |] 9 Urem Major. 191) o-43 ‘ i 
Arcturus .. O84] #01 8 Crucis «» PSO) O68 { Orionia =... 1°91} 0-43 Uranus* a 
a! Centauri 033) 1:85 || a! Crocie = ... 158] O59 ¥ Geminorum 193| 0-43 Magnitade 
Rigel «+ O34] 164 |] Custor... «. 156) O69 € Bagittarii ... 195) O42 Neptune* ... 
Procyon ... O48! 1-61 |] y Crucis ... 168! O60 Uo @ Ursm Major. 195! O42 Phuto* 


Ratio of Brightness, fainter or brighter, for a difference in magnitude (“ Diff") of :-— 
ME Hatin DLE Hadio TN, Tato Tit Hatha Dif detio Mme Bato DE Mails Deh Feutin Bit Matic pum Ratle 
OL ) 1109 O5 [1-58 |) 0-9 ) 2-29 7) 1-3) S31 |) 175) S019 3-0) 16°85 7 6G) 15849 |) 80) 1os4o 1) 105) 15.649 | 13-0) 158,490 
02 | 120 |] O6 1-74) 10 | 202 |] 14) 3-63 |] 18 | 825)]} 35) 25-12 |) 6-0) 251-19] 8H) 2511-9 | 110 25.119 13-5] 251,190 
0-25) 1-26 |) OF [1-01 |} 11 | 275 |] 1G) 308 |] 10 | 6-75) 40) 39-81 | 90) 3981-1 11-5) 30.811 |) 14-0) 396 110 
O03 | 1-32 || 075) 2-00 | 12 | 3-08 16 437 || 20 | 631)/ 45) 63-10 |] 7-0) 630-96 |) 95) 6300-6 |] 120) 63.000 || 14-5) 630.900 
O4 | 145 1) G8 (209 ! 1-95) 3-16 |] 17) 4:79 |] BS |10-00|] §:0)100-00 1 7-5, 1000-00 [110-0110 000-0 |] 12°5/100,000 |] 15-01 000 000 


Distanee and Magnitude ;—Increase of distance (“ Dist.”) for a difference (" Diff”) of 1 to 20 magnitudes, Thus a Mag. 5 


nol peer poe times efarehes aw ay vena Lee 1 meena geen or Mog, i. : Ole ae ah pois shi Pies 
Dif. Die 














120 Boi | 4| 631 15:85 sist f] 10/1000, 12/2018 i ero 1585 3981 |] 19 | 6310 
+ 159 [3 3 | 3 ere 7 | 2512 | pee 1585 |] 13 | 3081 000 || 32 17 | 2512 | i8i 5012 = ire 





Mean Refraction (Messe! )—For 50" F. (10"C.), and barometer 29-6 ins, (792 mm), Other Temperatures, add 1% pe lv F. 
let Ba CG.) H iowes Ge anes lvoe Eeasene® rasa 34% per inch (25-4 mm.) if higher, deduct if lower; =abt. 1 Pinch, se aah 


Alt, Alt Befraction. AIL Wefraction, AIL Refraction, Alt Tafractlon. Alt. Bi er Sap gear 

HW 64 30 a la’ lo] e) 4 93" ry 8 40")) 13") 4° 25" 15" 3 a3") 25) 2 3 40) 1 65"| oO 27" 
ila] la cits] a] | s isis] ¢ [36] 3 0] a0] 1 «ole @ se a0] 0 1 
| | 9 47|8! 6 301/11] 4 491/14) 3 47920) 2 37135|) 1 221,50] O 48/901 0 Oo 












































Light-Years alas to Parsecs ac by st 100, ahite point si two, by eae tort. P., pees L/¥., i cic 
f Ly F. Tar KR Le E. Ly. Tity. 
1; 3-259 y 6) 10554 11) 38-88 16) 52-14 | 21 eed 26 84-73 | 31! 101-03 | 36 117: 32 4 183-62 4 14991 60 195 h4 


2) 6-18 || 7} 22-813 |] 12/39-11 |] 17/66-40 || 22) 71-70 |] 27/ 87-99 |] 32) 104-29 || 37/1208 |] 42| 136-88 |] 47) 153-17 | 70) 228-13 
3| 9-777 || 8|90-078 || 13/ 42-27 || 1858-66 |] 23) 74-06 |] 28) 91-25 |] 33) 107-50 |] 38 123-84 || 43| 140-14 |] 48|156-43 || 80 260-72 
aiiz-o36 || 9/29-331 || 14 45-63 || 19| 41-92 |] 24) 76-29 |] 29) 94-51 |] 34/110-81 |] 39 197: 10 || 44/ 142-40 || 49/ 150-69 || 90 299-31 
6i16-298 | 10!32-890 | 15 48-89 Il 20/65-18 |] 25/81-48 |) 30/97-77 | 361 114-07 || 40:130-36 | 45/146-86 |] 50/ 162-96 |! 100! 325-90 


Parsees and Light-years equivalent to any parallax (wr). 0001, 0002, &e., move paraco or light-ye. decimal cme place to ‘teh 











Parcs | Lightyre. {) om |Parecee | Light-yrn. w | Parncen | Lighty|) oo | Parsou | Light-y. wf Parnes | Light-7 we | Pareecs 
1000 | 82590 |) O21") 4742 | 155-19 || O41" 24-39 | Toad || OBL") lead) ba4o 081"! 12°36 | 4ur24 || = #33 3716 
500-0} 16295 |] O22) 4n45 | 14814 |) O42 23-81 | 77-61 |] 062 | 1613 | 52-57 |} 082) 1220 | Bo'75 T14 | 23°28 
999-3 1086-3 || 023 | 43-48 | 141-69 |] O43 | 23-26 | TH-79 |] O63 | 15°87 | I-74 |] 083 | 12°05 | so-26 6-67 | 21-73 
e500} Bl4-74 |] O24 | 41-67) 135-70 || O44 | 22- 735 74-00 |) 064 | 1503 | GO-g2 |) O84 | 11-80 | 36-80 6-25 | 20-37 
end) asd-79 |) 025° 40-00 | 1g0-a6 || O45") 22-89 | 72-48 || O65") 1-38 | bOr14 |) O85") L178 | 3834 6°66 | 18°11 
166-7) 54°16 028 | 3540 125-35 || 046 | Sita | 7o-84 |] O66 | 16°15 | 4-30 || 0386 | 11-638) S700 §00 | LG30 
142-9) 465°6 |] 027 | 27-04 | 190-70 |] “O47 | 21-28 | eo-a4 |] 087 | 14-93 | 48-64 || O87 | 1140 | S746 455 | 14-81 
1260] 407-37 || 028 | 34-71 | 116-30 |] O48 | 20-83 | 87-91 |] O68 | 14-71 | 47-08 |) 088 | 1190 | ST0e 417 | 13:58 
1111 | £6211 |] 028 |) s148 | 11938 |] 049 | coal | G651 |] 069 | 14-40 | 47-24 |] 089 | 1124 | S062 4:00 | 13-04 
1oc-o | 325-00 |} 030°) aaa | 10e-G8 |] 050") 20-00 | a8-18 |} O70") 14-20 | 46-56 |] O90") L111 | so-21 3°85 | 12-54 
90-01 | 296-27 || -O31 | 3226) 105-13 |) ‘O51 | 19-61 | 63-00 |] O71 | 14-08) 46-90 |] O81 | 10°00 | e582 3:57 | 11-04 
83-33 | 271°68 || 092 | 31-25 | 101-84 |] 052 | 19-83 | GEOR |) O72 | 13:89 | 45:27 092 | LOST | 85-42 | 233 | 10-86 
rega| go0-60 |] 033 | 30°30] 98-76 |] 053 | 18-87) 61-49 |} O73 | 19°70 | 44°65 || 099 | 10°75 | Ba-o4 286] 931 
71:43] 282-79 |] 094 | 20-41 | Gass |) 054 | 18-52 eras |} OT4 | isH1 | 44-04 |] O54 | 10°64 | 2467 50 | 815 
"| 66-67 | 217-27 |] 035") 26-57 | 93-11 |) 055") 18-18 | 59-25 OTH") 13°38 | 43-46 |) 095") 10°53 | a4-31 | 229 | 724 
lesa} 20809 |] 036 | 2T7S | GOSS |) O56 | 17-86 | 68-20 |] OTE | 1916) 42°88 |) 086 | 1042 | sa-95 | 200| 652 
59°82| 191-70 |] 037 | 87-03) 88-08 |] O87 | ATH | OTT |] UIT | 1299 | 4233 || O87 | 10°31 | 33-60 | se) 6-2 
b5-56| 181-05 ‘038 232) 85°76 |] 058 | 17-24 | 0-20 || O78 | 12°82 | 41-78 - 10:20 | 23-26 167] 6:43 
f2-68) 17153 G0 | 35: G4 | 8356 |) 069) 16-95) 55°28 |) D7 | 12-06) 41-96 | 10-10 | 32°92 1h4] 501 
50°00) 162-95 || 040° 25°00) Al-47 060" 16-42 | 54-92 Ul OBO") 1270 | 40°74 U Sp 1000 | 39-59 1-43) 466 





* Moan opposition magnitudes: «tar magnitudes only are from the H.R. 75") 133 | 436 


ASTRONOMICAL TABLES. xi 


Parsecs or Light-years equivalent to Km/seconds Velocities, at 500 km/seconds (310-69 mile/secs,) per megaparsee ; 
or 163°42 km. seca, (05°33 ao eeet) Des taeme tank ree, For ext ryrdlaacd day, voll big’ ba multiply by 86,400, or 314 millions. 
ikem! eon | Pex hy ‘em ee oe "ce | ieee of ama Ib surg “o wn) Le ioe 
100|0-2/0-7 |] 1500 3-0) 9:8 4500— 9-0/ 29-3 9000 18:0 687 15.000 300) 97-8 21000 42-0) 1396-9 36,000 70-0 | 228-1 
200 |O-4| 1-3 |] 2000) 4-0/13-0 |} 5000. 10-0 32-6 10.000 20-0 65-2 16.000 32-0 | 104-3 22.000. 44-0) 149-4 |) 40.000) 80-0) 260-7 
300 |0-6|2-0 || 2500|5-0|16-3 || 5500 11-0 35-6 || 11,000 22.0] 71-7 |] 17,000 |34.0| 110% |] 23,000 46-0] 149-9 || 45,000) 90-0) 293-3 
400 | 0-6) 2-6 || 3000) 6-0) 10-6 |] 6000: 12-0 39-1 12.000 24-0| 78-2 |] 18,000) 36-0 | 117-3 24 000 48-0 166-4 |) 50.000) 100-0/ 325-0 
600) 1-0/ 3-3 |] 3500 | 7-0) 22-8 |] TOO0. 140) 456 13.000 260) 4-7 1 19.000 | 38-0) 123-5 |} 25 000 | 50-0) 163-40 || 55 000) 110-0) 358-5 
1000 | 2-0) 6-5 " 4000'5-0) 26-1 " 8000 16-0 52-1 14.000 28-0) 01-3 4 20 000! 40-0 | 120-4 30 000 60-0) 195-5 60,000' 120-0 391-1 


Si iiayicaedaint converted I into 0 Miles:—Multipls by 10, 100, 1000, shift decimal point one, two, three places to the right. 
=niie km =mile km. wmiles ke =milee km, elle = Oockm eile ok mie =, =i 
rs ots! "6 3728 it $835 16 o G42 ‘2h 1349 (| 26) 16-156 1a-203 36 | 82-300 ) 41} 26-4761) 46/ 28-583) 60) 37-282 


2) 1-243 |) 7) 4-350 || 12) 7-456 || 17) 10-563 || 22) 18-670]| 27) 16-777 ina 37, 22-991 || 42/26-098 |) 47) 29-804] 70) 43-406 
3) 1664 |) 8) 4-871 |) 13) 6-078 || 18) 11-185) 23) 14-292) 28) 17-306 |) 33) 20-605 38 23- 612 )) 43/ 26-719 |} 48) 29-886 ]| 80) 49-710 
4| 2-485 || 9] 6-592 || 14) 8-499 || 19) 11-906 ]] 24/14-913]) 29] 18-020]) 34: 21-197 89 24-255 44/27°340)/ 49) 30-447 || 90) 65-023 
5} 2107 #10) 6-214 15) 9-321 Wl 20) 12 497 |) 25) 18-5341) 30) 188411 35 81068 || 100) 62-137 





















21-748 || 40) 24-855 |] 45! 27-962 || BO 


Centigrade Dagrees converted into Degrees Fahr. (nearest 100, nfter 1000"), For any temperature (under 0", use lower + or-: 
"F.="C. x x Os 5493; "Cu(*F. $82) x5+0, For the "K scuteaiont -—If above 0” C. add, if below cabins irom, e758". 10." "= 1BF.’ * 

















“=F, ae SS ae ee, —F. =F. 

10°| 50(] 110°) 230 210°) 410 9) 310°| 580 410° 5500" gg00 11000° 19800 921000" 37800 
20) 68} 120) 248]/ 220 425] 320 608 420, 788 }) 6000) 10800 |) 12000 | 21.600 |) 22000) s8600 
$0| 86]] 130) 266 |) 230 446 ]] 330) G26} 430 806 si ios 13000 | 23400 |} 23000 | 41400 
40) 104] 150) 284 ]] 240 464)) 340) 644]) 440 S24 7000 | 12600 |) 14000 | 25200 |] 24000 43200 
50/122]) 150) 202/) 250 482)) 350/662] 450 S42 7500 | 18500 |} 15900 27000 25000 45000 
60|140]} 160/ 320]) 260 500]) 360/ 680]) 460 seo B000 | 14400 |) 16000 | 28800 |} 28000 48800 
70|158|] 170| 338] 270 515]] 370| ¢98|) 470 37 8500 15200 || 17000 30600 || 28000 50400 
80/176] 180) 356)) 280 526 |] 380/716] 480 spe 9000 | 16200 }] 18000 | 32400 || 30000 54000 
90/194 |) 190) A74}| 290 5541] 390/ 7341] 490 o14 9500 | 17100 |) 19000 |34200 |) 35000 63000 
100/212 ]] 200|392)) 300 572)) 400) 752] 500 gaa 1000018000 || 20000|s6000 || 40000 72000 





‘K' Degrees eonverted into Centigrade and. Fahrenheit Degrees |: {to nearort 100", _ after 1000"). Teo k= 100 C- c= 180 F." 


=y, 
4000/3700 6700 7500 7200) 13,000 | 14.000 137 700 


24,700 25,000) 24,700 44.500 
4500|4200| 7600] 8000} 7700/13.900 |} 15,000/14,700| 26,500 |) 30,000 29,700 | 63 800 











§000/4700/ 8500]} 9000) 8700 15,700 |} 16,000| 15,700/ 28 300 || 35,000 34,700 62,600 

5600/5200; 9400} 10.000. | 9700) 17,500 |} 17,000 ero 100 || 40,000) 39,700 | 71.500 

6000| 5700 /10,300 |} 11,000/10,700/19.300 |] 18,0001 cette 45,000 4a 700 80.600 
00/32,700 || 60.000 | 49,700 | ag 500 





€500 | 6200 |11.200 | 12.000 / 11,700 31,100 19,000) 1 a 





$500 3200 | 3800 7000 | 6700 12,100 || 13,000/12'700/ 22,900 || 20,000 19,700 | 35.500 || @0,000 59.700) 107,500 
The Greek Alphabet. The small letters are on the left, the enpitals on the right. 
Letts Sama Latter Nama Lettor Nnma Leteer Naira Letter Neteo : Nara 
a Alpho ... A f}« Epsilon ... Ef]. Iota vn vy No «» N f} p Eho we “e “Phi - & 
Beta ...B i} ¢ Zeta ..Z |x Kappa .. KP é Xi «8 |e Sigms ...E |] y Chi... X 
Gamma ... I Eta « H | A Lambda... A fo Omicron... O || + Tau a: y Psi one Wl 
Delta ....A Theta ...6 || a Ma «Mw Pi «. IT | w Upsilon... ¥ ff w Omega ... f2 


Degrees equivalent to Right Ascension Hours and Minutes :— See Table on page 49, Decimals of a Degrees, p.xv. 
No. of Seconds of Arc: in 360°, 1,296,000"; in 1", 3000". No. of Seconds of Time: in 1 day, 86,400a0e0,; im 1 hour, 3600s. 


Velocities of Gases in Kim./sec. H, hydrogen; He, helium; 4,0, water; V, nitrogen; O, oxygen ; CO,, carbonic acid. 
= 200°C. - rgo" — roo" — 50" O'C, +50" too" 200° * goo" -200° — 150" — 100° -s0° OC, +50° +100" 200° Z 
7. 095 1:33 146 166 184 200 S15 242 S67 260 N. 25 033 030 O44 O49 O08 O57 O64 O71 rice 
e068 O88 104 F168 131 1428 153 173 10 206 Oo. O84 O31 O37 O49 O46 OOO Of4 06) OOF OFB 
H,OO32 042 049 056 062 O87 O72 O82 O90 097 1 CO, O20 O26 O31 Ob O89 Ove O46 OS) Gor OF 
Ionisation Potentials.—The second value is the voltage required to remoyea second electron ; it differs widely, Potassium, 
Volts, 4:3, 22; Sodium, 51,30; Lithium, 54,68; Calcium, 61,12; Titaninm, 8, 14 ; Magnesium, 7-H, 15 ; Iron, 8-2, 13 ; Silicon, 
82,16; Sulphur, 10-3, ...; Carbon, 11-3, 24; Hydrogen, 13°5; Oxygen,13'6, 35; Nitrogen, 142, 30; Helium, 24-4, 64 (see p, 24), 


xii ASTRONOMICAL TABLES. 


Sunset and Sunrise,—The time varies slightly from year to year, but the Sunset Table opposite will give the Apparent 
or True (Sundial) time of both Sunset or Sunrise within o few minutes, in both Northern and Southern latitudes, 


To find the Mean Time equivalent, add or subtract the Equation of Time (£) given in small figures, A forther correction 
ix required for longitude, of 4 minutes for each degree W. or E. of the Standard meridian—added if W., subtracted if E. 

Sunrise.—Subtract the time of Sunset from 12 hrs, 0 min, and adjust for Equation of Time, and longitude, as for Sunset, 
Thus sunrise on May 25, lot. 45°N., long. 4° W. of Std. meridian, is at 438 (12h,-—Th. 35m., —3m. Equation, +16m. for longitude). 








Earliest and Latest Sunrise and Sunset, in different N. Latitudes. There ore two ‘ earliesta’ and ‘latesta’ in low latitudes, 
Latitude o go iv” nig 20° a0" 36° i! ; 65 60° 
Rising. Earliest: —| Nov. 4 | May 16 | May 30 | Oct. 11) June 7 | June 11 | June 14 | June 16 | June 17 | June18| June 19 | June 19 
im, 6.40 6.58 i.e Gs fi) 4.08 4 4.30 | 412 a50 | 220 a ahh 
» Latest;— | Fob 12 te Aug 24) Jan. 27 |) Jan. 18 | Jan.11 | Jan.8 | Jan. @ | Jan.8 | Jan. 1 | Deo, 29 | Dee, 28 
am. | Gl Sol | 623 | 63s | os7 | 709 | 7.92 | 7.99 | 700 | 896 | 08 j 
Setting. Earliest— — May 14 Nov. 17 Ae hi Nor, a | Dee. 3 | Dec. | Dee, § | Deo. 11 | Dee. 18) Dee, 15 | Dec. 17 
pm. | 5.47 | 5.35 519 | 30 | 448 | 4.35 | 418 | 358 | ago | 
» Latest:— | Feb. 10) July 25 | July 12 sae t Jay sr June 40 | June 28 | June 27 | June 24 | June 25 | June 24 
pt. 6,15 6.10 6.25 6,11 7.18 Tad TAL 8.13 &43 bb 





ps s Longitude, Right Ascension, and Decteiatine., at Oh, Intermediate dates: for R.A. add 4 minutes P oF 
| Leeiay. 











RA | Den Tong. | A. | Dies Tra be Long | A. | Des. Long. | ThA.) Den Tote 

Jan. 1| $80" ene [20° Mar. 5| 3447 235| —6° May32) 60") .... |+320" ane 8 ee [FIS°T Oct. 13] 200" 

n» 8 284|/19%| 9a ]] ,, 11/350)... |j-4 » 23] 61] 4h) 90 aac gh] 17 » 24/210 

Li 11) 290 =" 22 ® 21 0 24h 0 June 1 70 | pias 23 a 13 aT 15 29/ 215 

" 18 297 304] 21 » 31] 10 |... a «4 T| 76|/ 5b) 83) ,, 1 104] 12 |] Nov. 3| 220 

» 20° 900|... | 20} Apr 6/16) 1%) 6 f 4 11] 60)... |) My ,, we | 1 y 10) 987 

» 30: 310]... | 18 aw 20) 80 | 8} , #8) GO| 64) 238 | Sept.a oe 8 . 181930 | ... 
Feb. 2/312) 216) 17 ” 20 |... | 11 9 July 2/100)... | 23 me: ‘vis! 6 » 23] 240 

v (3 B20)... | 16 » 23/22 | Bh) 12 » 8|108) 7h) 33 | 13 ee) Fo ie 6a 

» 17; 327/224) 12 || May 1| 40 |... | 15 » 18} 110|... | 28 , 24) 160/185) 0 alone | 13 
» 19} 830)... | 12 » 8) 47 | Bh] 17 « 21/118] 84) 21 |} Oct, 3 ay) "191 360 
Mar. 1) 340]... [-8° |] Mayll| 60 | ... [+18°|[ July23) 120] ... |+20°]] Oct-10] 196 | 138|—@* || Dec.22 270 | 18| 234 


__Equation of of Time,—Mean Time * Bing bene pt agghet =e or nee spies Beira beets, Sh after, n+. 
Kym. yn 
yaa: 1/-—3™]] Jon. 29|-13= Mar.20 “ge Apr as 4300 Jun 24) ae Aug.23 “30 o 478 Nov. 4 +16} Dewt1 +7 


, 3) 4 |] Feb 4) 14 » 23| 7 |} May 3) 3 20] 2 » 25) 2 
» 5] 5 5, 12) 345 » 20] 6 a | # July 4 4 » sain 
" a] 6] , 20) 14 | 20] 5 18] sty, 10] 6 | Sop. 2] 0 
Jan. 9| 7 » 24A| 134 |] Apr. 2) 4 » =| Sa, 14) Say, SP 
wis ,a1 13] , 5) 3] 28) a] , tie} , sl 8 
"15/9 | Mar 4] 12 | . 8] 2 | Jun4) 2] 27] ep |u| 3 
is}10 } | 8| , Wi-1 , WOj+1 |] Aug 5) 6 ff | 14] 4 

@1| 11 12) 10 16| 0 15| 0 , 13] 6 17| 6 


Jan: 94/—12 Mar.16 -9 


, 25 
" 28 


Oct, 1 


16 


Apr.20/4+1=]] Jun,19|-1m|] Aug.18|—4m]] Sep, 19/-+6™]] Oot, 27/416. 


, 1} 16] | 13] 6 
"" 18| 15 » 16| 6 
"asli4 |} " 18| 4 
» SO] 13 Dee.20 3 
, 12 || asl g 
Deo.1/11 i} | 24/41 
o 4) 10 m 26) 0 
7} 9 |] | esi-1 
Deo. 9/48 Deo.d0 |—2m, 


Angular Distances on the Star Sphere.—The following isting aro convenient for rough estimates; others can 
easily be made up from the star charts : the degrees are those of a ‘great circle,’ as of Declination, or those on the Celestial equator, 


4* = the angular diameter of the Moon (approx), 
1}{* = 2 toe Orionia: or # to } Crucis 
2° = ato y Aquilm; or a to ¢ Scorpii. 


" 
Li) 


The Star Sphere contains 41,253 square degrees, 


enprorimate oe Longitude 7 Latitude of cenenin Stars :— 


oe +a a Ophiuchi 12] 4p v Ursw Maj. 

#452" « Coronm 1+ 8 a Aurige (Capello) 
16°10" a Aquile (Altair) 13z°+64° yb Uram Maj. 
20°+39" ¢ Herculis 135°4+12" 6 Auri 
S1°+12" y Lyre 149°=19° «a Twuri (Aldeberan) 
3°+18" @ Lyre ( Vega) 165°+24° a Geminorum (Castor) 
40°+ 1° y» Oygni 160°+25" 8 Geminorum (follux) 
$2"+ 1" gni (Deneb) 165°-15" + Orionis (Hellatriz) 
5o° +40" Draconis 167°= 7° a Orionis (Betelgeuse) 
G5°4+65"  Urew Maj, 177-24" Orionis (iged) 

7H" +41" Urae Min. 182°+15" «a Canis Min, ( Procyon) 
7° +62" ¢ Ura Maj, (Afizer) 195°+50" a Leonia (fegitlua) 
87°+61" « Urae 195°— 8° « Conia Maj. (Sirius) 
sa*-A8l" 8 Ceti 205°+65° @ Leonis 

00°+-27" «a Urew Min. (Polaria) 210°+30° a Hydrm (Alphard) 
g1°- 2 » Cassiopeim 210°— 5° Canis Maj, 
98°+60" & Urem Maj. 222° 4-72" Leonis (Menebola) 
109°+62" a Urew Maj. (Drubha) 336°—25" o Carinm (Canopus) 





! 


Long, Tot 
a0" -— 7 
240° + 61° 
250° — 13° 
256° — 6p" 
268"— 1° 
a7a"+ 1° 
984°— 1° 
#85" + 50" 
289° — 16° 
sor — oF 
1a" — so" 
a17°— 54" 
320" + 14" 
a21"+4 82° 
a27°—11" 
343° + 68" 
248° — oo" 
355°"+4 4° 


24" =a to § Aquilm ; or a to Reticuli 
4" = «to § Canis Minoris; or « to # Cracis 
6° = ato 8 Ursme Majoria; or « to § Centauri 


(approx.), 


Star 

y Velorum 
8 Virginis 
a Volantis 
a Eridani ( Achernar ) 
a Crucis 
& Centauri 
a Centauri 
a Virginis (Spice ) 
a Trianguli Aus. 

Arm 

Gruis 
a Gruis 
a Seorpii (Antares) 
B Scorpii | 
€ ttarii | 
a Hotitia (Arcturus) 
a Piso, A. (Fomalhaut) 
9 Serpentis 


ASTRONOMICAL TABLES, xiii 


Apparent oe Time of Sunset,—To obtain Mean Time of Sunset, see opposite, #=Equation of Time, 


Northern Latitudes: iv”, 2 | 30, Rez 6 oO 62, 64 Southern Latitudes 
Date | £ le may | hs im | bh. im 




















mito m)h mph om) bh mph om) bh mh om] Dote Dnte | E 
Doo.21| -3]|6 04| 5 46/5 38 140, 4 23/4 08/3 52/2 41/3 298) 3 14/2 56] Jun21| +1) Jun.21| +1 
ol] 6 04| 5 47| 5 98 55/4 40| 4 23/4 03/3 53\3 48/3 99/3 14/2 57|] ,, 84 , 18) 3 

)| 4 40 


}6 04/5 47/5 28 424/403) 3 Ba 3.303 15| 2 58 





Oo O44) & 47) 5 88 441) 4-25) 404) 3 66| 944/93 31> 3 16) 2 50 ot » Id] 9 
7/16 04| 5 47/5 20 4 42/4 26/4 05/3 56/3 45/3 33/318 3 01||July 3 ys 10) -1 
6|)6 04/5 47/5 29 4 43) 4.27/ 4 07/3 57/3 46/3 35/3 91/3 04) ,, » | 8 
5| 10//6 O4| 5 47/5 20 4 44| 4 28) 4 09/ 4 00) 3 49) 3 38/3 24/3 08] June 3} 2 
6 O4) 6°46) & a1 4 46/4 30) 4 18) 4.03/3.53| 3 41/3 28) 3 13 ” Mayal| 4 
14/16 O4| 5 48/5 32). 4 49/4 33/4 16|/4 06/3 66/3 45/3 33/3 18]] 5 » 28) 3 
» 26) 15)/6 04) 5 48/6 32 450/436/417|4 00/3 69/3 49|/3 37/3 23]| ,, w 25) 3 
» 23) 416 04) 5 49/5 33 4 52/4 39/4 91/4 13/403/3 54/3 48/3 299] ,, | » 22| 4 
20) 14] 6 04) 5 50) 6 34 4565/4 42/4 95/4 18/4 08/3 69/3 48/3 36] , wil) 4 
18/6 04/6 50/5 35 458) 4 45/4 99/4 92/4 14/4 05/3 54/3 42] , w 16] 4 
14] 16]) 6 04/5 51/5 38 5 01} 4 48/4 33) 4 26/4 19/4 10) 4 00/3 49] a 19] 4 
6 04/5 51/5 38 :| 5 O4) 4 52) 4 98) 4 31/4 24 4 16| 4 07/3 56 Aug, 3 +t] 4 6 O) 4 
B}-16)/ 6 04/5 52/5 39 3/6 O07) 4 56/4 43) 4 36/4 30/4 92/4 13)404]) 4, » 6] 3 
» 5) 11/6 04/5 52/5 40 5 10} 5 00) 4 48/4 42] 4 36| 4 28) 4 20/4 12]/ » 10) 5)May 3) 3 
14) Nov. 2] Wi) 6 04/5 53/5 49 5 14} 6 04/4 63/4 48/4 42/4 95/4 97/4 19] 8) Apr.30| 3 
M4} Oot.30| 14/6 O04) 5 54) 6 44 6 18) 5 00) 4 68/4 63| 4 48| 4 42) 4 35) 4 87 » 16 wel] 2 
7| 10/6 04| 5 65) 5 45 6 21/5 13/5 03/4 59/4 54/4 48/4 42/4 35|) ,, | » 24) 8 
16/16 04) 5 55/5 46 6 24/5 17/5 08/6 04/5 00/4 65/4 49/4 43]| ,, » Zl) -t 
|608)5 56) 5 48 | 6 25/6 21/5 14/6 10/5 06/5 01/4 56/4 61]) ,, » 18] @ 
18) 151) 6 03/5 56/5 50 5 32/6 26/5 19/5 16/5 13/5 08)5 04/4 69]/ , 29/41) ,, 16) 
4] ¢03|5 57|5 51 | § 38/6 31/5 25/5 22/5 19) 6 15/8 11) 6 07]/Sept. 1 w 18) +41 
12)-13// 6 03/5 58/5 53 5 40/5 36/5 30/5 28)5 26/5 22/619)5 15]) ,, 4/-1) , 9 
602|5 69|5 54 6 43/5 40/5 25/5 33/5 32/5 90/5 26/6 23]| ,, ea. 
6 03| 6 00/5 56 6 47/5 45/5 41/5 30/5 38/5 30/5 34/5 32]] ,, a} Apr. 2 
iy) 6 03| 6 01| 5 65 6 61/8 60/5 47/5 45/5 45 $6 43/5 42/5 40 PP] 4) Mar.30 
10}/ 6 03) 6 O01) 6 59 555/554) 5 68/6 51/6 51/5 60/5 40/5 48) i RT 
oj 6 03) 6 0216 O1 6 59/5 59/6 58/5 58/5 57/5 67/5 57/5 66) ,, 19 ie 2D 
a|| 6 03/6 03) 6 03 603 6 08/6 04 6 04/6 04/6 04/6 04/6 04]) ,, 22 » 22 
7/6 03/604) 6 05 6 07/6 08) @ 09/6 10/6 11/611) 618/613) ,, 25 » 19 
5j|6 03) 6 05/6 07 8611/6 13/6 15|/616/617/618|6 19/6 21]| , 28|-0] ,, 16 
4/6 03| 6 06) 6 08 @ 16/6 18) 6 21/6 22/6 24/6 25/6 27|¢ 20]]/Oct, 2] w) ,, 13 
31/6 03| 6 06/6 10 6 19| 6 22/6 26/6 28) 6 30/6 32/6 35/6 38)| ,, vw @ 
2|6 03/6 07/6 12 6 23/6 27/632) 4 34/6 37/6 39/6 43) 6461] ,, » 8 
=1//6 03/6 08/6 13 € 27|6 32/6 38/6 40\6 44/6 46/6 50\654]] , 10} Mar. 3 
0/6 03/6 08/6 14 6 31|6 36/6 43) 4 46) 6 50| 4653/6 57|7 O2])] ,» 13| 18) Febga}es 
+1|/ 4 03/6 00/6 16 G 25) 6 41/6 46/6 52) 656/700/765/7 10] , 4 26 
216 03/610) 6 18 6 39/6 46/6 54/6 68) 7 02/7 07/712/7 18}| ,, a 22 
1/6 038) 6 11) 6 80 6 43) 6 50| 7 00/7 04) 7 OB) 7 14/7 20/7 26 n 4 20 
a} 03/6 12) 6-21 6 46/6 64/7 05/7 09\715/790|7 87/7 34] 3 1? 
4/6 04/6 13) 6 23 @ 60/6 59/7 10|7 15|7 21/7 87/7 34/7 48]] » » 14 
5|/6 04/6 13/6 24 653) 7 03|715|7 20) 7 27/7 33/7 41/7 50]] » Tl 
+5||6 04/6 14) 6 26 6 57|7 07) 7 20)7 26 7 33) 7 40/7 49/7 58||Nov. 3)-15) ,, 8 
6||6 04/6 19) 6 27 7 00/7 11) 7 25) 7 31| 7 30/7 47/7 66/8 o8]| ,, Ba 
6 O4) 6 15/6 28 7 03/7 15) 7 30) 7 36) 7 44/7 53/8 02/8 14]] ,, 9) 19) Feb. 2 
6 04) 6 16) 6 31 7 07) 7 19) 7 35/7 42/7 50/7 59|8 09/8 22] ,, 2) 6) Jan. 31 
6 04/6 17| 6:92 7 10/7 28) 7 30/7 47|755/805/8 16/8 29]/ ,, 15| 15) |, o8 
6 04/6 18/6 33 T 12) 7 26) 7 43/7 62|8 00/8 11/8 22/8 36]| ,, 17) 1) , 25 
3/6 O46 18/6 34 7 15) 7 30) 7 47/7 56) 8 05/8 16|8 28|8 4a]] ,, » 22 
6 04|6 19/6 35 7 18) 7 33/7 51/8 00/6 10/8 21/8 34/8 50]] ,, » 19 
|| 6 04/6 19] 6 a6 7 20) 7 35/7 64/8 04) 8 14) 6 26/8 39/8 56} ,, » 18 
6 04) 6 20/6 37 7 22/7 38) 7 68/8 08|8 18}8 30/8 44/9 01]) ,, » 14! 
604 620/62 T 24; 7 41/8 01) 8 11) 8 22|8 34/8 49/9 O7||/Dec 2) 1) , 11 
|| 6 04) 6 20/6 38 7:26/7 42/8 03/8 14|6 25/8 38\8 53/912] ,, ee | 
6 04/6 21|6 39 7 27/7 44/8 05/8 16|6 98)8 41/8 57/9 16]! _ ,, iy 
| 6 04/6 21/639 7 28/7 40) 8 07) 8 18/8 30/8 44/9 00/9 19]) ,, 10) 8: Jan, 2! 
6 04/6 21/6 40) 7 29/7 47/8 09/8 90) 8 38) 8 46/9 03/9 99] | 13) 9§) Dec 31 
6 04) 6 21/6 40 7 30/7 48, 8 10) 6 21| 8 33|6 48/9 04/9 24]) ,, 16 » 28) t3 
| 6 04/6 21) 6 40 7 30/7 48/8 11) 8 23/8 34|8 48/9 05/9 86] ,, » 2b 
16 04/6 22/6 41 7 31! 7 49/6 12] 6 23/8 35/6 49/9 06/9 27! Dee. 21| -8) Dec. 21| -2 





xiv 


Semi-diurnal Ares (II), or Time between Rising or Setting, and Culmination., 


Equinoxes .., 1 


o 
1" 16° 
9 


Summer Solstice 1 15 
Apex of glow above horizon, 1 hr. after sunset, Dec. 21, about 7 





ASTRONOMICAL TABLES, 
Duration of Twilight (Table I).—See Note on page 38, (For fuller Tables, see Meutical Almanac). 


Latitun 
Winter Salstic 


10° ao 
1) Ie" | i* 16% 
rE 10 1 #13 
1 18 1 25 








a 
1* 35" 
1 19 
1 36 





40° 

1* 367 
1 30 
2 08 





45° 
> 47" 
1 39 
2 33 
Aa 


50" 
1 59™ 
1 60 





a 


Lasta from 


a) 7" 





Bunwet to 


55° 


4 


10” 





60° 
a 4g" 
So 35 
Sunrise, 
i= 


(Refraction not allowed for), 


N. Hemisphere observers read the star's Nor 5, Declination at the top of the column; those in the 8. Hemisphere, at the foot. 


Omery| 30° 25° 

Iai hm jh mj & 
B°16 11; 6 8] 6 
10|}6 23/ 6 19| 6 
B16 36/| 6 29) 6 
2 )6 40) 6 39| @ 
317 2] 8. 40) 6 
S17 |] t 2) 8 
S17 35) 7 16/ 6 
40 |7 55) 7 32/7 
451/88 18) 7 G1) 7 
hO 18 68/ 8&8 15/ 7 
6 ]9 39; 8 47/ 8 
Bo" jll 22) 9 35/8 


20° 


15" 


fh. Hemisphere:—STARS WITH NORTH DECLINATION, 


10° 5 





om hm, h mm. kL am | 
7) @ &) 6 4/6 2 | 
16; 6 tl} 6 7/6 4 
22/6 16) 6 11/6 6 
30/6 32/6 16/6 7 
39/6 90/6 19/6 9 
49/6 36/ 6 23) 6 18 
69| 6 43) @ 28/ 6 la 
11| 6 62/ 6 HM) 6 17 
25) 7 2) 6 41) & 30 
43; 7 4/| 6 49) 6 24 
5/7 30/ 6 58) 6 88 
36/7 51) 7 11! 6 35 


& Hemisphere:—STARS with SOUTH DECLINATIO 


Sarge nraaccaacaa ar 
cooceoco Oo oc oF 


SREKSRSRSHS ALE 


5° 
BS 
6 
bo 
53 
fl 
48 
46 
43 
40 
af 
al 
25 


a 


&. Hemisphere :—STARS with N. Oo 


10° 
m. 


Sono ea toe oo oF 
“4 


15" 
m. 
od 


Boke Roe oP oe oe 


2 


‘ml, 


63 


17 
5 
a4 


N. Homiaphere;—STARS WITH & DECLINATION. 


25° Oheere, 
bh om he. me Tat 
5 82/65 49] 6 
6 41) 6 37 |] 10 
6 31) 6 34] 15 
56 81] 5 Ly 
& I1| 4. 68 | 36 
4 68/ 4 41 |] -90 
444/425 1 3% 
428|/4 6] 
4 69/23 48/4 
a 45) & 71°80 
& if |} 2 31 | 55 
|} 2 285 | 0 38 jee 
EOLINATION, 


so" 





Rising or Setting of Stars, &e.—Prom the R.A., find culmination-time (Table 1D), then for Atsing Subtract, for Setting Add 
the semi-diurnal are for the Dec, and observer's latitude.* x, Rising of Leo on Nov. 13, in lat. §5°N.; BLA. 10h., Dec. 20° NI 
On Nov. 14 (after midnight, 13th), as RA. 04h. souths af G6a.m,, 10h. souths at 6,30am. Semi-diurnal are for Dec, 20° N. and 
55° N. ia 8h. Gm.,* which subtracted from 6.20 a.m. gives 10.25 p.m, on Nov, 13th as the rising-time of Leo. 
When does Mars rise on Mar. 28 in lat. 45° Ni; R.A.13ih., Dog. 5°58. (a) Proceed as above. Or (4) Find in the V.4, the time 
of meridian passage on Mar, 28, say lam, (29th), from which subtract the semi-diurnal are 5b. 40m.* Answer, 7.20 p.m. 
To find when a Star is on the Meridian.—(The B.A. Central Meridian of each Chart is given at the side), Smtral 


When will the constellation Taurus be south at 10p.m.7 From the Index of Constellations (last page) ir Bh, 
Taurus is in Map §; the central meridian of Taurus ia R.A, 4h, (see also at side). In Table i] below, g§6 | ah, 
Siderea! Time, in the column headed 10p.m., and in line with R.A. 4b., is the date required, Dec. 21. 78 | Bh. 

What constellations are in the south at p.m. on March 22nd? In Table ITT find March 22; in the column 9.10 | 12h, 
headed 8 p.m., in same line, is the answer R.A. 8h, contained in Maps 7-6 :—Gemini, Cancer, éo. 11-12 | 16h. 

When will R.A 6h, culminateon March 7? Answer (Table IT), 7 p.m—March 7 line, above B.A. 6h. 19-14 | 20h. 


Sidereal Time (III), or Hour of R.A. on the Meridian.—It time is after midnight, add 1 day to the date at the side, 
Intermediate Dates, Add to the R.A, for the previous date the requisite No, of minutes-from the 7- or 8-day-interval Tuble below, 
7 Oays interval:—i day 2dys. Jdys. 4dye, Gdye. Oday # Daye Interval, iday 2dye, Sdys. 4dye, Beye Boys, Toys, 
Add minutes, dm, Om. 18m. lfm fim. Bim. Add minute, dm @m, lim lim. 19m, 2m. 20m, 
Intermediate Minutes of Mean Time. Add the same No. of R.A. minutes to the previous R.A. hour. Thus Apr, Oat 5,0 pm =—A Gh om 
Hour of R.A. on the Meridian at :— Hour of #.A, on the Meridian at — 





























Date 5pm. 6p. Tp. Bp. Sp. 10pttp. 12a, in, Bu. Ba. den. Gu. Gn. | Date! 5pm. 6p, Tp. Sp, 8p. 1Op.M p12, Ie, 2a. Se. Su, Ba, Gin, 
Jon. 5| th.) th) 2h) 3h.) ah.) 6b.) Gh, Tp Sb.) On 10) 11) 12a | Tul, 12 (13) 14] 15 [16 | 17 (ds | 19 (0) 2 | 22) 2a] Oh Ih 
Fed ees Pa eed eo ey de ed PS, | | 4 b} a) a) al a] a] a) a] al al 4 
1) 2] 3)4)5]) 6} 7 | 8] 0 | 10] 11) 12) 13) 26 1414/05/16 |17 | 18 |ty | 2] 21) 92) e3) 0] 1/2 

| a] #] a) ao) a) a] a) ao) t| 4 bial al al al al al a] al a) al al ala 

Feb, 5) 2/3) 4/5 /6)7)5)9)10 13) 14/15 |) Aug. 6] 14 |15 | 10/17 [18/19/40 ) 21) 22) 23/0) 1) 2) 3 
a) @] &) o) a) a) a) oy a) a) a. 6) 4) b] a) bo) a] a) a) a] a) ap a] a ot 

Ol 8) 4] Bl/e)7 |B) 9 jw] 14 | 15) 16 16/18} 17/18 |19 | 90/21) 9/23) 0/2 }2]3) 4 
33) 4) 4) | a] a) a] 8) a] 4 4) 3) 4 4) 4) 8) 4] b] @] a) ob) Oe] bs) a] ay a] 4 
Mar, 7} 4/5) 6/7] 8) |10|11)12) 16) 16) 17 |] Sent, @| 16 f17 | 18 |19 }20/21 22/25) 0) 1) 2) 4a) 4) 6 
‘| d) 3] oO] a] a) Oo] Oo] a) | s) a] | 18) ay ey a) a] a) a) oy OB) ao] a] ah) a 
6/6/7/8/9 |i lil 16/17 | 18 7/18} 19 |0 er | 22}as]o]1)2)a)4] 5] 6 

) #] Od) a) a) 4) 9) a] 8 a} 4/4 4) 4) a) 8] a) a) e) a] 8] te] a] bl oy) 6 
Ape. 8) 6 | 7 | 8 | [10/41 | te lis 18/19} Oot, 6] 18 |19}20]1 for j23}0] 1) 2) a)4]a) 6] 7 
a) o] 3] ob] a) oO) 4) a] 4 4| 4 ) a) a) a] a) ad] a) a] ay a] a] al a} a 
7) 8] @ / 00) a | a2 | 1s | 14 15) | 19 | 20 Willies /O}2}/2)/3)/4]/5/6/7T) 8 

#) 4) a) a) 4a) a] ay ay ay 4|.4 b) a] &) eta] or a] ay 8] a] a] a) ob) 
May 7/8 | @ | 10/11 | 12) 13) 14) 15 )16 20) 21 |) Nov. 6] 3 /at ie |ot]/0)1)/2)8)4)/5)6)7) 8) 0 
4) a) b) a] 8) a] Ay aya a} 4 4) a) a) a} a) a] al a] a] a] ay ay a] a 

O | 10} 10 | 1213 | 14 | 15 | 16 |17 at | 22 mNigimjolri/e@/s)4)/a}e)7)|s8] a). 

hb} ob) d) a) ob) a] a) ba a] 4 4) a) a) a] a] bo) a) ob] ay a) &] a] al 8 
June 6] 10) 11) 12) 13 | 14 | 16 | 16 | 17 | 18 22/93 |) De, 6) 22)23/0/2)2)/3)/4)/5)6)/7) 8) 9/0) 1 
4) o) 8) 4) a) b] ob) a) 4 |.4] 4 bla] a] ab] eB) ay al a] al ab) a] ay ay 4 

| 1b | 12) 18 | 14 115 | te | 17 | 18 | 19 23 | 0 2 3/0/1)2/3) 4/5 6/7/8|9|10/1) 12 

Jun. 29/ $1 3] b] al 4] 41 ol bl 4 bt] 4] Dec 29) £) a) 4] a) a] a] ae] a] a] a] a] al a] a 









































ASTRONOMICAL TABLES. rv 


Decimals of a Degree.—For valuing minutes and seconds of arc to the nearest 1/100th of o degree, and wee verm, 
(The erect equivalent of ‘01 degree is 36"), Take the decimal equivalent just leas than the value to be converted ; or vies 
versa, the Tabular value piva 18", which gives the exact value of 100thsof a degree. Thus 33 48"=0°'56 approx. ; (dd =25' 48”. 





“OL /O'18"  -11°{ 6°18" [] Q1*| 12°18" |) 31") 18°18" |}. -41"| 24°18" |) 1) 30°18" |) G1]. 36°18" |] “71 42°18" |] BL") 48" 18" |] 91" 54718" 
“02 |0 54 |] -12| G6 54 |] 22/12 54 ]] 32/18 54 fala 54 |] 52) 30 54 |] 62/36 64 |] -72 | 42 54 |] 82/48 54 |] 92/54 64 
03 |1 30 ]) -13| 7 30 |] 2313 30 |} 33/19 30 |} 43) 25 30] 6331 30 64.) 37 30 |] -73 43 30 |] 83/49 30 || 93/55 30 
04/2 6] -14|8 6]}-24/14 Gi] 34/80 6] -44)56 6] -54)s2 6) 64/38 6) 74/44 6] -84 50 6] 44/56 6 
05 (2 42-15 | 6 42] 25/14 42 ]) 35/90 42 |) 45.) 20 42-65 )92 421] 65 | 38 42 76 jaa 42 1-865 | 50 42] 96] 58 42 
06/3 18]}-16| 9 18 |] 26/15 18 |) -36 | 21 18 |) 46 | 27 16 |] 56 |) 33 16 |] 66/39 18 }] -76 |45 18 |) 86/51 18 || 96/57 18 
“OT |3 54) -17| 9 54 |] 27/15 54 ]] 37 | 21 54) 47 | 27 54] S793 54 | G7 | 39 G4 |] 77 | 45-54 |) B71 b4 |] 97 | 57 64 
08/4 30] -18 /10 20 |) 28/16 30 |] 88 | 22 30 |] 48 | 28 20 ]] 58 | 44 20 |] 68/40 20 |) -78 46 30]! -88|52 30]] -98 | 58 30 
09/5 G1 19/11 6129/17 6] -39/23 Gi-49/29 6) 59/35 Gi 69/41 6]]-79/47 G||-89/53 6]] 99/59 6 
*10"| 5’ 43" |] -207[11'42" |] “30"| 17°48"|] 40"| 23°42" |] -50"| 29°49" |] GO" 35°42" |] -70"| 41'42" |] BO") 47°42" |] GO" 53°48" |] 1" | 59°48" 

Decimals of a Day.—The decimals of a minute for columns 2-10 are the same as those, in the same Line, of the lat column. 
Den bh. Bah om Behn Paka mm OS dm = =h6Lo lO hole lol eek Ohl he ll Oe hl) oe oi 
1/0 J TL{2 38)) 21)5 29 31) 7 26) 41) 9 50) BL) 12 14] WL) 14 os ‘G1, 19 26) BL) 21 60) oor) 1-44 
02/0 12) 2 §2)) 22/5 16 a7 © 2/10 4 82/19 40 pcs yellcatc 
3) 0 13/3 7/|-23/5 91]) 33/7 55 ))-43/10 19 83/19 55] 93/22 1p] 003) 4-32 
4) 0 14) 3. 21]) 24/5 45) 34/8 0]) hd) 10 33 84/20 || $4) 22 33]] 004) 5-76 
05) 1 | 15|3 36]| 25|6 O|] 85/8 24]) 45) 10 48 85 20 24|| 95/22 48] 005) 7-20 
0a! 1 | 16/3 60]| 28) 6 14|| 96/8 38] 46/11 2 | 86 20 38]! 96/23 |] 006) 864 
OT 1 ‘17\/4 4/) -27)6 28]) 37) 8 52]) 47/11 16 ‘87/20 52]| .87| 23 16]] ‘o07) 10°08 
08/1 ) +18) 4 19]) 28/6 43) -38;0 7) 48) 11 31)) 3 68521 7|] 98) 23 31 |) wo8)ri-52 
09 2 19} 4 33]| 29) ¢@ 57]| 39/9 21 49/11 45 8) || 69/16 32 57 || 89) 21 211} 99) 23 45]| p09! 12°96 
40/2 | -20)4 48]] 90/7 12|| 40/9 a8] 50/12 o -e4|| 7ol18 48] 80/19 19| 90/21 36,1024 Off orolr4-40 





Hours and Minutes as Decimals of a Day. 
Hrs: ahr. ih, jh 2h bh, Sh Bh 2h ahh 66h 6G OG. 6A. Th 67h. 6Gh. OBER. | OOh. 
= (208dy D417 D625 (833 1042 +1200 Liat “1667 “1675 -2083 -2292 +2500 -2708 “2917 -3125.-3333 -8542 -3750 
Ohh. 10h, Wyk, Wh. Tbh 12h. 12bh. Wh. 14h, 16h. 16h. I7h, 18h. Wh Bh Dh Wh Bh, 
ee S058dy 4107 4375 -4553 4792 “8000 ‘G208 -B417 “R893 -6250 G67 -7053 -7500 -TO1T -8333 -AT60 167 D583 
Minutes:— Im 2m. 3m 4m 5m. 6m. Fm 8m. Om. 10m, Tim. Iam. 13m, Igm. 5m, 6m. 17m. 
Decimal= O07 dy-O01d 0021 0028 0035 0042 0049 0056 0062 1069 0076 0083 0090 007 0104 111 0118 
1m. 19m, 20m, 2Im. 22m. 23m. 24m. gm. 26m. 27m. 28m. 2m, Jom. 35m. 4om, 45m. fom. 55m. 
= O125d7 0132 0190 0146 0153 0160: -O167 D174 D181 -O187 (104 0201 0208 0243 0878 0313 0347 -Og88 


PRECESSION 1 TABLES 


Precession In R.A. for 10 Years, For Northern objecta use the upper line of R.A. Hons; for Southern objects, the lower, 
The + signs are added algebraically to the catalogue positions, like signs being added, unlike signs subtracted. 
For reckoning backwards, to an earlier date, reverse the + or — signa. 
Hours of Right Ascension for NORTHERN Objects - 
Dee, 0, 12 | 111; 210| 39) &48)| & 7 6 12 | 19,17; 20,16) 21,15 |22,14/ 23,13 
ao” | +001") +084) 40145) + )40m) +160) +1se) Fla) -Orbe —O7om) —0-68%|) —9-36e| —012"| +019" | Bp" 
70° | Onl | oe7 | O88 | OM | 104 | 140 | 142 | -010 |-0-08 | -0028 | +008 [+021 | os | 70° 

60° 









eo’ | O81 | OG | O70 | O78 | O84 | OBS | OHO | +013 | +014 | +018 | +024 [+092 | O41 
so’ | O51 | O58 | OG4 | OFO | OF4 | OF77 | O78 | +025 | +086 | 40-95 | +082 | 4038 | O44 
ao | oo: | O86 | O68 | Of4 | O87 | O89 | O70 | +033 | +033 | 40-35 | +088 |+042 | ous | 40" 
30° | Od! od 0-58 Ovo 0-63 0-64 O64 | +038 | +099 | +040 | +042 | 0-45 048 30° 
ao | os] | O83 | O55 | O57 | OFS | OH | O50 | +043 | +043 | +044 | +045 [+047 | O4p | 20° 


ob | o52 | O83 | O84 | O55 | O55 | O85 | +047 | +047 | +048 | +048 | +049 | O80 | 10° 
40:01 | +O-B1 | 0-51") 40-51) 0-51) +051") +051") +051") +051") +051") +051") +0-51m) O51 | OF 


0,12 |23, 13) (22,14. 21,15 20,16 19,17. 18 6 Raid $#8'°39 '210 ! 1,11 Eee. 
Hours of Right Agcension for SOUTHERN O 


Precession in Declination for 10 Years for objects having N. Se &. Declination, reverse the + or — signa, 


Hours 0,24 1,23 2,22 3,21 4,20 6,19 G18 17 816 915 10,14 11,13 12 
3 | +33 | +20 | +24 | 4107 | +09 | | -o8 | -1'7 | -24 | -20 | -#2 | -3'3 


Keomple:—The Star a Uree Majoris is placed in 1920 in R.A, 10h, 589m, Declination + 62°11"; find its approximate 
position in 1950. 
Turn to the column headed by the nearest R.A. hour, 11. fn-this column the 10-year R.A. correction for 60°N, ia +0-O1m,, 
for 70°N. it is +0°07m., giving about 40-89. for the intermediate Dee, of the Star, 
R.A. of a rem Matoris for 1920 ja 10h. btn, 
Correction fur 20 years (+0023) ,, +- 1m, 


10” 
o | | 
Dae, 


RA. for 1050 Wh "8m, 
The Star's Declination for 1820 ix 62° 11" 
Correction for 80 yeara (-—8"2=9) 4, = 10" _ 
Dow. for 1950 2 1" 





xvi ASTRONOMICAL CONTRACTIONS. 


Astronomical Signs or Symbols (occasionally-used aymbola in brackets) ;— 
Signs of the Zodiac. Aries Taurus Gemini Cancer Leo Virgo Libra Scorpius Sagittarius Capricornus Aquarius Pisces 


Symbol. 7 8 i Lo oY = ue f a a we 
Sun, &c.— Sun Mercury Venus Earth Moon Mars Minor planet Jupiter Saturn Uranus Weptiine Pluto Comet Star 
Symbol, ©(O) 4 2 @(é) ) #¢ ® ¥Y eh # Us # B % * 
Other Signs. Istof Aries, Conjunction, Quadrature, Opposition. Node (longit. of), Moon’s Phases :— New, let qr. Full, ard qr. 
Symbol... 9 J o SQ. aaconding @®) oOo 

Longit. fr. Sun, = 0" 00" 180" 9 descending. © ‘Longit. from un,=0? 90" 180" “970° 


Symbols of Elements.—A, Argon; A/, Aluminium; Be, Beryllium; €, Carbon; (a, Calcium; Cr, Chromium ; F¢, Iron ; 
#, Hydrogen ; fe, Heliam ; A, Potasaniuitn ; fa, Lithium ; Ma, Magnesium ; Mfn, Matignnane; W, Nitrogen ; Va, Sedium ; Ne, Neon ; 
0, Oxygen; /, Phosphorus ; #6, Rubidium ; 8, Sulphur; Se, Scandium ; Sy, Silicon; Sr, Strontium; 7%, Titanium; 47, Zirconium. 
Significance of + and —. For Direction, + indicates (2) northwards; (b) ‘direct’ or ‘positive’ motion —«e, to the left, 
or eastwards, when looking south: — indicates («) southwards ; (5) ‘retrograde’ or ‘negative’ motion—i.«, to the right, or west- 
wards when looking south, Variable Stars: + indicutes that a maximum or minimum is Ister than the predicted date; —, that 
it is earlier, Comets: as for Varinble stars, + later, — earlier, to indicate departure from the ephemeris, or the Samanta. 
Earth's Areo-, and Zenographic Dec,—When +, the planot's North pole is presented to the Earth; when —, the South pole. 





Declination :— | -Libration ; mean centro :— Position Angle Son's Axis:—| Radial Velocity: — 
+ = North of Celestial oqr. + = Displaced to E,{longit.) + =N, Pola, E. Ww} “Chee of the Hr. + = Recession from Sun. 
= mera 1 " = " " Vo =< - = Approach to " 
+ = Displaced to 8, (lut.) Proper Motion, Pisuua Saturn's Rings :— (p. 52). 
+ css of Eeliptic, or of me lh al ees + =Northwards (in Dec.) _ + =Earth N. of pe 
- =§. ng) Earth's or Galact, (s00 note, p. 29) — =Southwards » 2 -—=, & ” 
sit (ear. maesiet = a =Siee (in R.A.) =) Sun's sary (940) 
+= Chennwi + =Fainter than mag. 0-0 -= grade + =5. of centre of 
- =F. j of iat = = Brighter " n 00 Light-time, + later, — earlier: | = SSH a i" 
Astronomical Contractions.—Those for Astronomical Societies, Publications, Star catalogues, éc., are given on pp. vi-vii. 
JR = Right Ascension G.C.T. Greenwich Civil Time K, Kelvin (abe tomp,,pi7) | P.M. Proper Motion 
ALU. Astronomical Unit | G.MLA-T.,, Mean Astron. Time} Lat. Latitude | RA. Ri Ascension 
» Angstrom Unit | G.M.N. Greenwich Mean Noon| Long. Longituds | U.T., T.0.* Universal Time 
@.L Colour index G.M.T. ‘ » ‘Time | Mag, Magnitude 8.D. Semi-diameter 
C.M. Central Meridian H.l. Haat Index | NED. North Polar Distance 4D, Zenith distance 
Dee, Declination H.P, Horizantal NPS » Sequence af North following. - 
Eqr. Equator LA. International Angstrom! O.—(, Observed — calculated ap “ preceding, © 
Gal, Galactic J.D.,0.P., Iulian Day & Period | PLA, Position Angle | ap South preceding. ? 
G.E. Greatest elongation SAD. 4, Aster Day, po | PE. Probable error af » following. 


d, days; 4., hours; m., minutes; 4, seoonds. mwum,, millimetres; em., centimetres; bm., kilometres,  {/y, light-years, 
Astronomical Symbols for Positions, Magnitndes, Parallaxes, &c. (fuller list facing front cover). (LA.U. proposed, 1935), 


a Right Asecosion Az Azimuth, A Altitude A Wave-length, in Angtrona, pte] Jf Magnitude, absolute 

8 Declination z Zenith Distance # Micron, =1/1000th mm, m » &pparent 

B Latitude (celestial), geocent, | Af or t Hour Angle = 010,000 M@ sy Wilsall 

3 ©—s Longitude, » | @ Parallax, annual, in”, pp 1/millionth mm, = 10 tye =  photovisual 

G Galactic longitude Py equatorial horizontal), Obliquity of Ecliptic pe 9  » photographic 

9 » Intitude p Annual precession (general)) P Orbital period Mpg = p-Sg,-—=S«snterat, pg. 

: Helioventrie latitude ~ p Position angle, p, 5. E Time, Equation of ped i » bolometric 
‘3 longitude p Proper motion (total annual}), ,, of observation Tira » 9 radiometric 

: Geographical latitude: ¢' geo- |, 7, W, Velocity,t radial (re-|tm ,, mean:ts True timet |, 4 4, photo-red 

E ,, longitude, +W. [centric onckins +), tangential,spatial.|@ ,, sidoren|: @, ot mean mitsight! m,., »  inira-red 


Constellation Abbreviations. Three- and four-letter contractions (Int. Astr. Union, 1922, -32). (Malus replaced by Pyxis, 
And Andromeda Andr| Cha Chameleon Cham| Eri Eridanus Erid | Men Mensn Mons | Sel Sculptor Soul 
Ant Antlia Antl | Cir Circinous Ciro | For Fornax Forn | Mic Microscop'm Micr| Sco Scorpius. Secor 
Aps Apus Apus | CMa Canis Maj. C Maj) Gem Gemini Gemi| Mon Monoceros Mono| Sct Seutum Scut 
Aql Aquila Agil | CMi Canis Min. C Min} Gru Grus Gris | Mus Musen Muse | Ser Serpens 
Agr Aquarius Agar | Coc Cancer Canc | Her Herenles Here | Nor Norma Norm| Sex Sextane Sext 


Ara Ara Are | Col Columba Colm | Hor Horologium Horo | Oct Octans Ooctn | Sge Sagitta Srte 
Arg Argo Argo | Com Coma Ber. Coma} Hya Hydra Hyda| Oph Ophiuchus Ophi | Ser Sagittarius Sgtr 
Ari Arica Are | CrA Corona Aus. Cor A! Hyi Hydrus Hydi | Ori Orion Orio | Tau Taurus Taur 
Aur Auriga Auri | CrB Corona Bor. Cor B) Ind Indus Indi | Pay Favo Pavo | Tel Telescop'm Tele 
Boo Bottes Boot | Crt Crater Crat | Lac Lacerta Lacr | Peg Pegasus Pegs | TrA Triang. Aus.Tr Au 
Cae Caelum Cel | Cro Crux Croc | Leo Leo Leon | Per Perseus Pers | Tri Triangulum Tria 


Cam Camelopard.Caml | Cry Corvus Cory | Lep Lepus Leps | Phe Phenix Fhe | Tue Tueana Tuen 
Cap Capricornus Capr | CVn Canes Ven, C Ven) Lib Libra Libr | Pic Fictor Pict | UMn Ursa Major U Maj 
Car Carina Cari | Cyg Cygnus Cygn | LMi Leo Minor L Min) PeA Piscis Aust. Pac A} UMi Ursa Minor U Min 


Cas Cassiopeia Cass | Del Delphinus Diph | Lup Lupus Lupi | Pse Pisces Pisce | Vel Vela Velr 
Cen Centaurus Cent | Dor Dorado Dorn | Lyn Lynx Lyne | Pup Puppis Pupp | Vir Virgo Virg 
Lyr Lyra Lyra | Pyx Pyxis Pyxi | Vol Volans Voln 





Cep Cepheus  Ceph | Dra Draco Drac 
Cet Cetus Ceti | Equ Equuleus Equl (Malus Pyxis) w» | Ret Retioulum Reti | Val Vulpecula Vulp 
*Gormany, W.Z. Welteeit, + Relative to the Sun. {From mean and true midnight, 


A STAR ATLAS 


AND REFERENCE HANDBOOK 


IL—NOTES ON STAR NOMENCLATURE, &e. 


The Constellations. —The origin of most of the constellation names is lost in antiquity. Coma Breewters was 
added to the old list (though not definitely fixed till the time of Tycho Brahé), about 200 B.C.; but no further 
addition was made till the seventeenth century, when Bayer, Hevelius, and other astronomers, formed many constella. 
tions in the hitherto uncharted regions of the southern heavens, and marked off portions of some of the large or ill- 
defined ancient constellations into new constellations,* Many of these latter, however, were never generally recognised, 
and are now either obsolete or have had their rather clumsy names abbrevinted into more convenient forms, Since 
the middle of the [8th century, when La Caille added thirteen names in the southern hemisphere, and sub-divided 
the unwieldy Argo into Carina, Malus (now Pyxis), Puppis, and Vela, no new constellations have been recognised. 
Originally, constellations had no boundaries, the position of a star in the ‘ head," ‘ foot,’ kke,, of the figure answering 
the needs of the time; the first boundaries were drawn by Bode in 1801, For List of Constellations, see last page. 

Star Nomenclature.—The star names given on the last but one page have, for the most part, been handed 
down from classical or early medimval times, but only a few of them are now in use, o system devised by Bayer in 

1603 having been found more convenient, viz., the designation of the bright stars of each constellation by the small 
letters of the Greek alphabet, a, 8, y, &e., the brightest star being usually made a, the second brightest {—though 
sometimes, a3 in Ursa Major, sequence, or position in the constellation figure, was preferred, When the Greek letters 
were exhausted, the small Roman letters, a, b, c, dc., were employed, and after these the capitals, A, B, d&c,—:moatly 
in the Southern constellations, The capitals after Q were not required, so Argelander utilised R, 8, T, &c., to denote 
variable stars in each constellation, a convenient index to their peculiarity (see also p. ix). 

The fainter stars are most conveniently designated by their numbers in some star catalogue. By universal con- 
sent, the numbers of Flamsteed's British Catalogue (published 1725) are adopted for stars to which no Greek letter 
has been assigned, while for stars not appenring in that catalogue, the numbers of some other catalogue are utilised, 
The usual method of denoting any lettered or numbered star in a constellation is to give the letter, or Flamsteed 
number, followed by the genitive ense of the Latin name of the constellation : thus a of Canes Venatici is described ns 
a Canum Venaticorum, These genitives are given in the list of constellations on the last page, facing the cover. 

Flamsteed catalogued his stars by constellations, numbering them in the order of their ‘Right Ascension'—that is, 
the number of hours and minutes they southed after the southing of a certain zero point among the stars (p.2). Most 
modern catalogues are on this convenient basis (ignoring constellations), as the stars follow a regular sequence. But 
when Right Ascensions are nearly the same, especially if the Declinations (p. 3) differ much, in time ‘precession’ may 
change the order: Fiamateed's 20, 21, 22, 23 Herculis, numbered 200 years ago, now south in the order 22, 20, 23, 21, 

For convenience of reference, the more important star catalogues are designated by recognised contractions : 
thus “ B.A.0, 2130” is at once known by astronomers to denote the star numbered 2130 in the British Association 
Star Catalogue of 1845, In most atar catalogues a number is assigned to each star included in them, whether it has 
a Greek or other letter, or not, Thus, Vega is a Lyre, 3 Lyre (Flamsteed's number), and (constellations ignored) 
Groombridge 2616. A list of some of the best-known catalogues, and their contractions, is given on p, vii. 

Constellation Boundaries.—Bode's boundaries were not treated as standard, and charts and catalogues issued 
before 1930 may differ as to which of two adjacent constellations a star belongs, Thus Flamsteed numbered in Camelop- 
ardus several stars now allocated to Auriga, and by error he sometimes numbered a star in two constellations. Bayer, 
also, sometimes assigned to the same star a Greek letter in two constellations, ancient astronomers having stated that 
it belonged to both constellation figures: thus 8 Tauri=y Aurigw, and a Andromede=8 Pegasi. 

To remedy this inconvenience, in 1930 the International Astronomical Union standardised the boundaries along 
the Jan, 1, 1875, ares of Right Ascension and Declination, having regard, as far as possible, to the boundaries of the 
best star atlases. The work had already been done by Gould on that hasis for most of the 8, Hemisphere constellations, 

c ~ Antinouas, added in a.p, 130 by the Emperor Adrian, was long combined with Aquila og ‘Aquila et Antinows.' page J 


z ASTHONOMICAL TERMS, 


The I.A.U. Boundaries.—These do not change their positions among the stars, thus objects can always be 
correctly located, though, owing to precession, the arcs of Right Ascension and Declination of to-day no longer follow 
the boundaries, and are steadily departing from them, After some 12,900 years, however, these arca will begin to 
return towards the boundaries, and 12,900 years after this, on completing the 25,800-year prevessional period (p, 6), 
will approximate to them, but not exactly coincide, 


Il. NOTES ON ASTRONOMICAL TERMS. 

The Star Sphere, a convenient term used in speaking of the heavenly bodies and their relative positions, derives 
ita name from the appearance of the heavens to an observer: he seems to be at the centre of «a vast hollow sphere (half 
of it unseon, beneath his feet), which revolves round the Earth once each day, The stars seem permanently fixed to 
the inside surface of this sphere—their vast distances practically nullify their actual rapid motions—and are known 
as fixed stars, in contrast to the ‘wandering stars’ or planets, which move among the others, Rather more than half 
the star sphere is seen at one time, as refraction adds a strip equal to the breadth of the Moon's disc in the sky. 

The Celestial Poles and Equator,—The pivots, as it were, on which the star sphere revolves, are called the 
Celestial Poles; they are directly overhead at the Terrestial Poles. Half-way between them is the great circle of the 
Celestial Equator or Eqguinoctial, which passes directly overhead at every point on the Terrestial equator, 

Culmination: Southing.—aA celestial object culminates when it reaches its highest point above the observer's 
horizon, In the N, Terrestrial hemisphere, southe is used in the same sense, as culmination is always at the instant when 
the object is due south of the N. Pole; in the 8. Terrestial hemisphere, objecta culminate when due north of the 8. Pole. 

Rising and Setting of Stars.—At the Terrestial Equator, the Celestial poles lie on the horizon; all the stars 
remain above the horizon for half a day, and their rising and setting, and paths in the aky, are at right angles to 
the horizon. At the Terrestial poles, on the other hand, the Celestial equator coincides with the horizon, parallel 
with which the stars move in circles, neither rising nor setting, the other half of the star sphere being never seen. 

In intermediate latitudes there is every variety between these extremes, but always some stars never set (and o 
corresponding area round the opposite Pole never rises), also the paths in the sky are sloping to the horizon—all in 
proportion to the observer's nearness to, or remoteness from, the Terrestial Pole or Equator. 

The stars which rise and set always do so at the same points on the horizon—unlike the Sun, Moon, and planets, 
which rise and set at different points on successive dayg, In temperate latitudes, especially, those of them nenrest the 
observer's Celestial pole rise far north (8. hemisphere, south), and are above the horizon most of the twenty-four hours; 
as distance from the Celestial pole increases, they rise further and further south (or north), and their time above the 
horizon diminishes, till, for the stars furthest south (or north), they set again a very short time after rising, Stare on 
the Celestial equator rise due E., set due W., and are 12 hrs. above the horizon, all over the Karth—except at the Poles, 

Sturs rise, ‘south’ or (‘north’), and set, ata given hour on/y once a year, always on or about the same date, for they culminate 
nearly four minutes earlier each day, and make 306} revolutions in 265} solar days. On one day in the year, ‘southing,’ &o., 
occurs twide, for when a star souths at 12.1 am, it will south aguin at 11.57 p.m. the sameday. This occurs with the Superior 
planeta (p. 32) alao—Mars, and the asteroids in general, about each second year—their mean daily motions being less than the 
Earth's. Mars and Venus, however, may not south at all on one day in the year, 

The Stars that never set or rise.—Stars never set when their distance from the Celestial pole is less than the 
observer's angular distance from the Terrestial pole, Or, stars with Declination (p, 3) greater than the observer's Co- 
latitude (his latitude subtracted from 90°) never set; the corresponding area round the opposite Pole never rises, 

The Ecliptic is another important great circle on the star sphere, which intersects the Celestial equator at an 
angle of 254° (the Obliguity af the Ecliptic*), and lies in a plane which passes through the centres of the Sun and the 
Earth : it represents the yearly path of the Sun's centre on the star sphere, as seen from the Earth, or the Earth's as 
geen from the Sun: it is shown in Maps 3-14, The Eeliptie Poles, the points on the star sphere 90° from the Keliptic, 
(about 234° from the Terrestrial poles), are at R.A, 15h., and 6h., and Dee, 664° N., and 8., respectively. 

The Eoliptic and its poles are ‘ sensibly’ (1.2., for ordinary purposes) fixed on the star sphere, but change slightly in centuries. The 
former also represents (a) the central line of the Zodiac (p. 3); (6) the average path of the Moon, Mercury, and Venus, on the 
etar ephere (pp. 8,33), but not those of the other major planete—though these are always near the Ecliptic, except Pluto, 

The Vernal Equinox or First Point of Aries, the zero for the celestial measurements corresponding to 
terrestrial longitude, is the point of intersection on the star sphere, at any moment, of the Celestial Equator and 
the Ecliptic, at or near the point where the Sun crosses the former from 8, to N, about March 21. 

This point—the True or Apparent Equinox, or The Equinox of any date—moves westward on the Ecliptic 1/7th second of 
are every day, but is nevertheless the moat convenient point for the purpose, as the Sun's position in the sky, measured from it, 
remains practically the same on a given day of the year for hounete of years, by the leap year arrangements of the calendar, 
though those of the stars slowly change. ‘Vernal Equinor,' when wed in connection with measurements, always means this moving 
True Equinox, but the literal Vernal (spring, p. @) equinox is the instant when the Sun's centre actually crosses the Celestia! equator, 

The Mean Louinox, is the True Equinox corrected for the irregularity (max. + 1}secs.) called nutation in Right Ascension 
(p. 7). Positions in star charts and catalogues are measured from it, at the time when the Sun's mean longitude is 280°, about 
Jan. 1; thos for 1900, the star positions are called ‘mean places for 1900°0’—* 0' after a year alwaya indicates the 280" start. 

The position of the First Point of Aries is about five moon-breadths W, of the end of a line drawn first from 
a Andromed» to 7 Pegasi (which form one side of the ‘Square of Pegasus’) thenextended downwards for the same length. 

* Mean, Jon. 1, 1936, 23° 26°51" (annual decrease 0°'47), may vary 9" from mean. 


CO 


ASTRONOMICAL TEAMS, a 


The Meridian is that great circle on the star sphere which passes through both Celestial poles, and through the 
eenith of the observer; it always meets the horizon due south and north of the Pole and the observer. On the meridian, 
meridian passage, returne to the meridian, have the same meaning aa culmination, or transit (see below). 

Transit.—A celestial object Transits when it crosses (a) the meridian of a place—Upper Transit = culmination: 
or 6) any selected line on the star sphere: The term is algo used for a meridian or spot crossing the centre of a dise. 
Lower Transit, or Lower Culmination, of a ‘sircumpolar’ star which never seta, is ot the opposite side of the Pale, 
twelve sideral hours after upper transit, when the star is nearest the horizon. 

Transit also denotes the passing, asa black circular spot, of Mercury and Venus across the Sun's dise; or of a 
satellite or its shadow (p. 34) across the diso of its primary. Jngress is the entrance on to the disc; egress, the departure. 

Celestial Positions.—As the star sphere has an Equator and Poles, taking the meridian through the Vernal equi- 
nox as zero, the position of any object in the sky can be indicated in the way places on the Earth are located by their 
latitude N. or 8, of the Equator, and their longitude from Greenwich, The corresponding astronomical terms, however, 
are Lvclination and Right Ascension, ancient astronomers having unfortunately (for similarity of nomenclature) used 
the terms latitude and longitude to denote measurements referred to the Ecliptic, instead of the Celestial equator. 

Declination (contracted 3, or Dee.) corresponda to terrestial latitude; it is measured in degrees North or South 
of the Celestial equator. The International Astronomical Union recommend the use of + and — instead of N. and 8. 

North Polar Distance (contracted V_P.D. or P.D.), measured in degrees (0° to 180°) from the N. celestial pole, is 
sometimes used instead of Declination, as it obviates the use of negative signs, and all chance of error with N. and 8. 

Right Ascension (contracted a, #.4., or AR), corresponds to terrestial longitude, it is measured eastwards, or 
eounter-clock wise, on the Celestial equator from the True equinox, sometimes in degrees (0°-360"), usually in sidereal 
hrs, (/.)}, minutes (m.), seconds (s.); Lh.=15*, l'=4m. Every observatory has a clock regulated to this sidereal 
time (p.9); when it shows Ohra. the True equinox is on the observatory's meridian, 

As the True Equinox culminates daily, it is easy to note how many hours, minutes, and seconds elapse from its 
culmination to that of any other object; this interval is the Right Ascension of the object, Objects that culminate at 
the same instant as the True Equinox have R.A, Ohrs.; those culminating 1 hour later, R.A. 1 hr.; those 2 hrs, later, 
t..A. 2 hrs, and so on up to 24 hra., the Ohrs. of « new sidereal day: of course minutes and seconds are also used. 

Right Ascension hours, &c., are very slightly shorter than those of ordinary mean time, the 24-hr, sideresl day being only 
23 hra, 56min, 4seca. mean time in length, or about four minutes shorter than the mean solar day. (Seep. 8). 

Hour and Declination Cireles.—An Hour Cirele, or a Declination Circle, in the great circle passing through 
a celestial object and the Celestial poles; the former term is preferable, as the latter is liable to be confused with 
*Deelination Parallels,’ which ara not great circles, These terms are also applied to the graduated circles on ‘equatorial’ 
telescopes (p.46); the hour circle ia graduated in R.A, hra and minutes, and the Declination circle in degrees. 

Colures.—The Equinoctial Colwre ia the great circle of B.A, 0 bra. and 12 hrs.; it passes through the Celestial 
Poles, the First Point of Aries, and 180° of celestial longitude. The Solstitial Colure is the great cirele of R.A. 6 hrs, 
and 1$hrs.; it passes through both the Celestial and Eeliptic Poles, and through the Solstitial Pointe*. 

The Zodiac (literally ‘cirele of the animals,’ most of the signs represent living creatures) is the belt of the sky 
8-9" on each side of the Eeliptic, within which the Sun, Moon, and the planets known to the ancients are found. 

Starting yearly at the First Point of Aries, it is divided into the twelve ‘Signs of the Zodiac’ (sea symbols, p. xvi}—each 30° 
of longitude on the Eoliptic—which, however, do not coincide with the constellations of the same name, although they did so some 
2300 years ago when the First Point was named, precession having carried them westwards some 30", or a whole sign. 

The Invariable Plane of the Solar System, passing through the System’s centre of gravity, forms an unvarying 
reference plane, as it does not change its position in space owing to mutual planetary perturbations, as the Ecliptie 
does, Inclined 1°35’ to the Ecliptic plane, 7° to Sun's equator; longitude of ascending node 106° 35’ (epoch 1850). 

The Fundamental Plane, in occultations and eclipses, is that passing through the centre of the Earth at right 
angles to the line drawn from the star, or the centre of the Sun, through the centre of the Moon. 

Alternative Reference Circles.—The Celestial Equator, though the most convenient for finding or recording 
positions on the star sphere, by R.A, and Dee,, is an unsuitable reference circle for many purposes, and other great 
circles and reference planes are used instead, The position of an object is indicated, with respect to the -— 


1. Celestial Equator a hy its Declination, and Right Ascension, from the Vernal equinox (p. 3) 
2, Ecliptic, {2} from the Earth's centre ,, Geocentric Latitude, and Longitude, ,, a 7 (p.4) 
a. ee (.: a Sun's -» 9» Heliocentric - “ eae - i (p. 4) 
4. Horizon of the observer ... 02... ,, Altitude, and Azimuth, from the N. or 8 point tate = 
fi, Meridian ... cre ie «« » Hour Angle from the meridian, and Declination from the Celest, Eqr. ,, 
6 Hour Cirele or Declination Circle » Position Angle, from the North Point ir ae ‘3 
7. Galactic Plane, or Milky Way ... ,,  Gulactic Latitude, and Longitude, from node on Celestial equator (p.4) 
8, Sun's Equator Sc ex a»  Heliographio ,, s » arbitrary zero... oH 
8, Planet's or Moon's Equato «- » Planetographic,, " (Seleno-, Zeno-, &,, -graphio, sea p. 4) 
10. Limb of the Sun, Moon, or Planet » Distance (a) from the North Point ; (5) from the Vertex (p. 5) 


Thus there are several kinds of astronomical latitude and longitude. But wnless qualified by an adjective, in astronomy 
these terms usually mean Geocentric Latitude and Longitude, referring objects to the Ecliptie and the Earth's centre. 
* In Celestial longitude 90°, 270" for FLA. Oh, 18h.), and Doe, 294" N. and 8, 
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Geocentrice Positions.—All astronomical observations are necessarily fopocentrio—t.e,, made from a point on 
the Earth's surface—but for simplicity, the figures in Tables are always geocentric, that is, calculated as if bodies were 
observed from the Earth’s centre. ‘The reason is that the topocentric values differ with the position of the observer 
(except for stars—too distant for appreciable change), but are easily obtained for any place from the geocentric values. 

Angular and linear distances are in general measured from centre to centre of the bodies concerned, and those 
calculated as seen from the Sun, or a planet, are also given for the centres (heliocentric, d&c., values, see below), 

Latitude and Longitude (unqualified by an adjective) refer celestial objects to the Earth's centre and the 
Ecliptic instead of to the Celestial Equator, and therefore do not correspond to geographical latitude and longitude, 
They are used for calculations involving angular distance from the Sun, a4 seen from the Earth, of planets and comets, 
—phase, opposition, &e.; the same definitions, but referred to the Sun's centre, instead of the Earth's, are termed 
heliocentric latitude and longitude, ‘The Earth's heliocentric longitude is the Sun's geocentric longitude +150". 

The Longitude of a celestial object is the angle in degrees (0'-360") measured eastwards, between the First Point 
of Aries (7) and the foot of a perpendicular drawn from the object to the Ecliptic. Similarly, the Latitude of a 
celestial object is its distance in degrees N. or 8, of the Ecliptic, measured on an are at right angles to the Ecliptic. 

Longitude and Right Ascension both start from the First Point of Aries, and both ure measured castwards, but the former 
is measured in degrees along the Keliptic; the latter along the Celestial ywator, in hours, &e. (but 1 hour R.A. is exactly 15°, 
4 minutes exactly 1"), As the pline of the Ecliptic lies at an angle to that of the Celestial Equator, however, a movement 
of 1° in longitude does not exactly correspond to 1° (ie, 1/lith hour, or 4 minutes) in R.A, because (a) the direction of 
measurement is different, and () the respective degrees may difler in length on the star sphere—as, for instance, where the 
“great ¢irole' degrees of the Ecliptic traverse the narrower R.A. degrees measured on the parallel of Doc, 20°. The ‘ precession’ 
(p.6) of the First Point of Aries continually changes longitudes, the longitude of the perihelion of each major planet increasing 
some 2° per century; but latitudes alter very little, as the Ecliptic is almost fixed on the atar sphere (p. 2). 

Latituds, similarly, differs from Declination. Both are measured on arcs of great circles on the star sphere, but 
whereas all Declination circles pasa through the Celestial poles, all circles of Latitude pass through the Heliptie poles, 
23}* from the Celestial poles. The parallels of latitude, therefore, are always inclined to those of Declination, anid a 
motion of 1* in latitude is never exactly 1" in declination—except along the Solstitial colure (p, 3), which intersects 
the Ecliptic and the Celestial equator at right angles, and passes through both the Celestial and Eeliptic poles. 

Heliographie, Selenographic, and Planetographic latitude and longitude refer objects to the equators of 
the Sun, Moon, and planets, respectively—the equators with reference to the axis of rotation. They thus exactly 
correspond to geographical latitude and longitude, and positions are denoted by them in the same way—by latitude 
N.or 8, of the equator in degrees, and by longitude on that equator from a zero meridian, Their chief use is for 
recording the positions of markings on the surface, such sx spots, lunar craters, de. Areographic, Zenographic, and 
Saturnigraphie, are the terms for Mara, Jupiter, and Saturn, respectively. 

The sero meridian on the Moon is that of the ‘mean centre’ of the dise, and longitude is measured E. or W. of it in degrees ; 
for Mars and Jupiter, seo the ¥.A. On the Sun, Jupiter, and Saturn, there being ne fixed markings, xero meridians can only be 
arbitrary. The Sun's is based on an assumed unvarying sidereal rotation period of 25°08 days (see p.26); the longitude is measured 
(0° to. 360") from left to right looking south, across the non-inverted apparent disc—1¢., in the direction of the Sun's rotation, 

Measured on the atar sphere, instead of the body's surface, Avlio-, seleno-, &e., -grapise latitude and longitude correspond to 
solar, lunar, &e, Declination and RA., but Aeliocentric, areoventric, &e., latitude and longitude are usually employed for thia 
sense, They are used for indicating the position of the Sun's equator with reference to the centre of the disc, the amount of 
lunar libration, openness of Saturn's ring’s, &c.—published annually in the Vautical Almanar, 

Galactic latitude and longitude refer objects to the Galactic Plane (p.10) or mean plane of the Milky Way— 
important for problems regarding the distribution of the stars on the star sphere, Galactic latitude is measured in 
degrees N.or S. of the Galactic Plane; Galactic longitude, along the Galactic plane (0° to 360°), from its intersection 
with the Celestial equator about R.A, 18h. 40m,, and measured in the same direction as R.A. (but see note, p, 10), 





Altitude, Azimuth, Meridian, &c.—These refer the positions of celestial objects to the observer's: horizon. 
The altituds of a heavenly body is its vertical angular distance in degrees above the horizon ; itsazimuth, the horizontal 
angular distance in degrees between the observer's 8. or N. point, and the foot of a perpendicular drawn from the object 
to the horizon. In the N. hemisphere, azimuth is usually measured from south (0°) westwards, Le. from the meridian, 
already defined aa the great circle passing through the Celestial poles and the north and south points of the observer. 
The zenith and nadir are the points in the sky directly over the observer's head and below his feet, reapectively, Le, the 
poles of the horizon; the prime vertical is the great circle passing through the zenith and the observer's east and west 
pointa, corresponding to the Solstitial colure in R.A. and Declination, The amplitude is the arc of the horizon between 
the E.or W. point, and the foot of the verticn] circle passing through the object. (Amplitude of varinble stars, see p12), 

Hour Angle.—The hour angle of a celestial object refers it to the meridian of the observer; itis used in calcula- 
ing an object's altitude or azimuth, the time of its-rising or setting, de,, and may be defined as the differenes between 
its Right Ascension and the hour of R.A. on the meridian at the time of an observation, or the angle which the hour- 
circle passing through the object makes with the meridian—for most purposes expressed in hrs., dc., of sidereal time. 
It is measured westwards or clockwise from the meridian south of the Pole (5. Hemisphere, N. of the Pole), 
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Position Angle: North Point.—The Position Angle of a planot’s axis, or of any line on the star sphere, is Ite 
inclination te the hour circle (p. 3) passing through the centre of the object, This circle is the most suitable one for 
reference, as, unlike the horizon, it is stationary with respect to the stars, and being perpendicular to the horizon at 
the instant of culmination, can be used for finding the inclination to the horizon at other times (see diagram, p. 39). 
The North Point is the point on the hour-circle nearest the N, Celestial pola, in the field of view 

(a) Doable Stars. The position angie of a double star is the angle which the line joining the components makes with the 
hour-circle passing through the brighter star of the pair: This angle is measured frova the North Faint (or point on the 
hour-circle nearest the Nerth Celestial Pole, in the field of view) from O° to 3600", going round by Ee” swt W. (Seep 30), 

~ (6) Sun's or Planet? axis, “The position angle if measured to it from the North Point on the dise, This varies throughout the 
year; but for the Sun, on the same date it is about the same every year (soe the WA,, and diagram on p40). The angie 
is measured from O° to 360° for the Moon and plancts, asin (a); but for the Sun, E, (+) or W. (—) of the hour circlo, 

Limb, Cusps, Vertex.—The Limé is the edge of the Sun's, Moon's, ora planet's dise ; the Cuepe, the horns of the 
crescent (lesa than half-illumined) Moon, Mercury, or Venus, The Vertex, sometimes used for occultations, is the point 
on the limb furthest above the observer's horizon; distances from the vertex are counted eastwards from 0" to 360°. 

Opposition.—Mars, and the outer planets (p. $4), are in Opposition (symbol £), when 180° of longitude (or 
12bra B.A.) away from the Sun on the-star sphere: this occurs annually (Jupiter, 1:1 yrs,), but biennially for Mars 
and most asteroids. They are then on the meridian about midnight, and nearer the Earth than when not in opposition, 

An opposition is ‘favourable’ when the Earth and the planet are near the point where their orbits most closely 
approach, and as this point is always about the same longitude, favourable oppositions always take place about tha 
same date in the year (given on pp.32 to 64), and the favourableness or otherwise of any opposition can always be 
judged by its nearness to, or remoteness from, that date; the least favourable are six months later. 

Conjunction: Syzygy.—A celestial object is in conjunction (symbol ¢) with another celestial body when their 
longitudes are the same, but the term may also denote equality in Right Aseension—as in WA. ‘Phenomena,’ for szome 
objects, Mercury and Venus are in Jnferior Conjunction with the Sun, if the conjunction occurs when they are on 
the side of the Sun nearest the Earth: in Superior Conjunction if they are on the far side of the Sun, with the Sun 
between the planet and the Earth. The Moon is in Syzygy when in conjunction or opposition, t.2, when New or Full. 

Appulse.—An appulse is the near approach of one celestial body to another; the term is also used for approach- 
ing culmination, conjunction, c&e,; as, the appulse of a star to the meridian, of the Moon to the Earth's shadow. 

Orbital Motions,—The orbital motion of a planet or comet round the Sun, or of a satellite round its primary, is 
Direct when from W. to E.; Retrograde, when from E. to W.: similarly the seeming motions of the planets among the 
stars, as seen from the Earth. A planet is Stationary when its movement is reversing to the opposite diruction. 

A planet or comet is in Perihelion (r) when at the point in its orbit nearest the Sun; in Apielion, when at the 
point most distant; in Quadrature ((]), when 90" in longitude from the Sun, The Moon and the planets are in 
Perigee when at the point in their orbits nearest the Earth; in Apogee, when at the point most distant, /ericentre and 
Apocentre are the corresponding general terms foro satellite with respect to ita primary: for Mars, Jupiter, Saturn, 
Perimartivm, Perijow, and Perisaturnium, are used, A planet's Elongation from the Sun is the angular distance in 
degrees as seen from the Earth: the Greatest Elongation of Mercury and Venus is when that angular distance reaches 
& Maximum—not necessarily the very greatest, A comet in #ecession is moving away from the Sun, after perihelion, 

Elliptical Orbits, — The Major Ais (symbol for semi-major axis, 2) is the greatest length, usually expressed in Astron. Unita; 
midway in it is the Centre of the ellipse, The Minor Axia (semi-minor, b) is the line drawn through the centre at right angles, the 
greatest breadth: the Focus—oceupied by the Primary (p. 7)—one of two points, equidistant from the centre, such that the sum 
of their distances from tho foci to any point on the orbit is constant, and equal to the major axis. 

The Eosentricity (¢) is the ratio, to the semi-major axis, of the foous-to-centre distance ; the Hodiua Veetor (r), the line joining 
the contre of a planet, comet, or satellite, to that of its primary, usually given in A.Us, Whe Apeidee (plural of apsis) are the 
extremities of the major axia—the points of perihelion, aphelion, perigee, &e.; the Lina of Apaides, that axis extended indefinitely, 

The Nodes are the points where a planet's or comet's orbit intersects the Ecliptic on the stur sphere—z.e,, when the object is 
in the Ecliptic plane “where the object crosses from &. to N. is the Asceneiing mode { $)), from N.to 8. the Descending nade (2). 

The Anomaly [true)(¢) is the actual perihelion-focus-planet angle, measured in the direction of the planet's motion; the Mean 
Anomaly (M), that angle calculated for uniform, not actual, motion : the Eecentrie Anomaly («) is derived from it, A =a—esine p, 

The Elements of an Object are seven factors required to determine (a) Position in space of its orbit—1, the semi-major axis: 

2, the eccentricity : 3, the inclination to the Ecliptic: 4, the longitude of the ascending node: 6, the longitude of the perihelion : 

(6) Position of the object at any time—é, the orbital period ; 7, epoch (position ata known date); or, time of perihelion passage, 

These are the Heltocentric or Mixed Elementa—the object's relation to ita primary, the Sun, ignoring other planeta, The 

Baryeentric Elements are those referred to the Harycentre, or certre of maas of the Solar System, instead of the Sun, which give o 

better average orbit—though the heliocentric one corrected for perturbations (disturbances) by the other planets is more accurate. 
The Osewlating Orbit ia that which a planet or comet would pursue if, at some specified instant, the Spock of Useulation, all 
the planets should cease to attract that body, and leave it free to move under the attraction of the Sun alone, 


es ee 





* In an elliptical orbit, the node-perthelion-node angle is always lea, in degrees, than node-aphelion-node, but the difference is trifling 
if the eccentricity is small, aa in the principal planeta, Also a planet attains ite maximum heliocentric latitude, above the plane of the 
Ecliptic, halfway between the nodea—at about 90° longitude, for the principal planets, which have nearly-ciroular orbita. 
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Planetary Periods.—The Siderea! Period of a planet, its true period of revolution round the Sun, is the time 
it takes to make a complete cireuit round the star sphere, from star to star again, as seen from the Sun, not the Earth. 
The Synodie or Apparent Period of a planet is the interval aa wen jrom the Farth's centre, between successive 
oppositions (or conjunctions) with the Sun; or, for « satellite, between successive similar elongations or conjunctions 
with its primary. The Anomalistic Period is the interval from any point in a planet's orbit to the same point again 
—for instance between successive returns to perihelion or toaphelion; this period, and also that of successive returns 
to the same node, is practically the same as the planet's sidereal period. 
The Synodie period determines the dates of opposition, conjunction, &c.; the Sidereal period, those of the opening and closing 
of Saturn's tings, also of the recurrence of a planet's greatest N. or 8, latitude—important for observing Mercury. 
Secular Acceleration.—An apparent shortening of the periods of Sun, Moon, and planets, as compared with those cal- 
culated on the basis of uniform motion—a shortening so minute as to be only detectable in ‘secular’ periods, 12, those of the 
order of a century; it is expressed by the number of seconds of arc per century the object is ahead of the uniform-motion position. 
Tt is simplest to suppose that the periods do not change, but that our day, the unit of measurement, isslowly lengthoning (partly 
throngh tidal friction) by some 1/1000th of a second per century, on the average, so that after a century the number of days in a 
year is a fraction leas than before. 6° of the Moon's acceleration, however, is due to other causes than the lengthening day, 
Secular acceleration of the Moon, about 10" per century (1337 sidereal mouths) ; of the Sun, about 1"*D per century, 





Rotation Periods.—The Siderca! rotation period of the Sun, or of a planet or satellite, its true period of axial 
rotation, is the interval between a star's successive returns to the same meridian on the Sun's or planet's surface. 

The Synodie or Apparent rotation period of the Sun, or of a planet, is the interval, as seen from the Earth's 
centre, between successive returns of a meridian on its surface to the centre of the disc, The apparent rotation 
periods of the Superior planets merely vary to and fro a very little on each side of the sidereal rotation periods. 

The Sun and the planets—Uranus excepted—have actually the same ‘direct’ rotation as the Earth (from W. to E. looking 
south’, but to us are seen revolving from E. to W., because the hemisphere we see faces in the opposite direction from our hemisphere, 

The Equinoxes and Solstices.—The Fernal and Autumnal Pquinores are two duysin the year on which, every- 
where on the Earth, day and night are equal, whence the name, The instant when the Sun crosses the Celestial equator 
into the N. Celestial hemisphere, on March 19-22, determines the Vernal or Spring equinox (also the solar year, p. 8); 
this instant may be distinguished as the literal Vernal equinox, in contrast to the moving conventional Vernal equinox 
used for R.A. The Autumnal equinox is on or about Sept, 23, when he recrosses into the 8. Celestial hemisphere, 

The Solatices are on the longest and shortest daya of the year, on or about June 21 and Deo, 22, when the Sun 
attains his greatest angular distance N,or 5, of the Celestial Equator, and ‘stands’ for an instant before turning back; 
the Equinoxes and Solstices always keep to these dates, by the Leap year arrangements of the calendar. In the South 
terrestial hemisphere the seasons are reversed, Sept, 23 being the spring equinox, Dec. 22 the summer solstice, 

Precession of the Equinoxes is the annual occurrence of the (literal) vernal equinox, about Mar. 21st, nearly 
20} minutes (1/25,800th year) before the Earth has made a complete orbital revolution round the Sun, so that each 
year, at that instant, he crosses the Celestial equator at a slightly different point. 25,800 years will elapse before he 
again crosses at that point, As the result of precession, every star—except those less than 234" from the Eeliptie poles 
—passes through every hour of R.A. from Oh. to 24h., once every 25,800 years; also the Declinations, every 12,900 
years, awing to ond fro 47° (23)" x 2), greatly changing the stars visible at o given place, or season. 

Precession is doe to a continuons minute tilting of the Earth's axis by the Sun and Moon, which canses the Celostial polea and 
equator (always overhead at those of the Earth) to change their places continuously among the stars in harmony, so that ench 
successive moment the Celestial equator intersects the Ecliptic at o alightly different point (in the opposite direction to the 
Earth's orbital motion) of the one it would oceupy if left undisturbed. Thos precession is continuous, not a yearly jump. 

The tilting is the result of the bulge at the Earth's equator, inclined considerably to the plane of her orbit round the Sun, 
and also to that of the Moon. Half of the bulge is above and half below the plane of the Earth's orbit, part of it considerably, 
and the Sun's and Moon's pull on the elevated (or depressed) portion nearest them is stronger than their pull on the more distant 
depressed (or elevated) portion opposite. This tends to tilt the Earth's axis towards the attracting body, and, by the gyroscopic 
law applicable to the rapidly-rotating Earth, causes the Earth’s axis (which would otherwise always point to the same position 
on the star sphere) and the Celestial polea to rotate round the poles of her orbit (i+, those of the Ecliptic) in circles 244° distant 
from them, and in a period of 25,800 years, displacing the Vernal Equinox in the opposite direction to her orbital motion, 

The Amount of Precession.—Every day the Celestial equator intersects the Keliptic at a point about |/7th of 
a second of arc W. of the position the day before at the same hour, so that R.A, is mensured from a slightly different 
point on the star aphere each day, and each March 19-22, the {itera! Vernal equinox is 50-26 W. of its position a year 
before—ahout 3 seconds of R..A., or 1/37 of the angular breadth of the Moon, or 1" in 71‘16 years, or 1396 per century. 
Thus the First Point of Aries—which some 2200 years ago was in the constellation of Aries—is now 30° to the west, 
in the constellation of Pisces. Star charts sooner or later cease to givo reasonably accurate positions, owing to this 
change in the zero-point on the Ecliptic, amounting to a whole degree, or two Moon-breadths, in about 71 years. 

In Star Catalogues the precession in R.A. and Declination represents the co-ordinates of the total annual linear precesaional 
motion of each star along the Ecliptic, Near the Celestial poles, the figures make it seem very preat, but as regards actual 
change on the star sphere they are misleading, Among the closely-crowded nearly-converged hour-circles of R.A. near the poles, 
A movement of many seconds in R.A., as measured along the very small Declination parallels, is only a few seconds when 


converted into Equatorial great-circle measure, In converting « star position for precession, add like wigns, subtract unlike ai 
= * At the Bolatitial Points, p. 3. I . ay re tee mine 
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Nutation.—The precessional path traced on the star sphere by the Celestial Pole is a wavy line varying slightly 
froma true circle, This irregularity is called Nutation, being, as it were, a ‘nodding’ of the Celestial poles to and 
from from the Eeliptie Poles, and though minute—about 9” on each side of the mean, or 18" in 182 yeara—perceptibly 
modifies the precessional displacement in R.A. and Declination, The Earth’s axis passes the mean position about 
2800 times in the 25,800-year period. Nutation is due to the Moon's being sometimes above and sometimes below 
the Eeliptic, and so not always pulling on the Earth's equatorial protuberance in the anme direction as the Sun, 

The above figures for nutation give the Vutation in Obitguity—the total motion of tha Celestial Poles to and fro from the 
Ecliptic poles. Mutation in B_A. ia its co-ordinate measured along the Celestial equator ; and Mutation in Longitude, 
or the Lguation of the Lguwinores, ite co-ordinate measured along the Ecliptic, 

Variation of Latitude.—Star Declinations show minute irregular cyclic changes up to 0-4, due to the Earth's 
Poles wandering round her mean rotation-axis counter-clockwise—the combined result of periods arising from (a) that 
axis differing from her axis of figure (432 dys.); () meteorological changes (lyr.): max, departure from mean, 60 ft, 

Primary, Satellite,—Two (or more) celestial bodies which revolve round a common centre of gravity are 
physically connected : the larger is the Primary {the Sun, for planeta and comets), the smaller, the Satellite—or for stars 
the Companion, which implies visual proximity, but not necessarily physical connection, Stars with motions similar 
in amount and direction on the star sphere (Moving Clusters, p, 11), are also taken as being physically connected, 

Phase denotes (a) the extent to which the dise of the Moon or a planet, as seen from the Earth, is illumined or not 
Hlumined by the San—in the latter case, its Dark Phase, or Dafect of [Mlumination. (4) Appearance or configuration, 
as in the V.A, ‘Phases of the eclipses of Jupiter's satellites’; Aspect is also used in this sense, (¢) The stage of progress 
toward’ maximum or minimum of a variable star, +denoting the No, of days towards the former, — towards the latter, 
(@) In any periodie phenomenon, the fraction of its period which has elapsed since the last occurrence of a given aspect. 

Dark Phase is greatest in the Superior planets when they are in Quadratwre (1), ie. 90" longitude (or 6h, R.A,), 
from the Sun, and therefore on the meridian about Ga.m.or6ép.m. As phase decreases with increasing distance from 
the Earth, it is only observable on Mars, which becomes giibows—i.e, not quite a full dise—and on Jupiter, to the 
extent of a slight shade along the limb furthest from the Sun, On the other outer planets it is wholly unmeasurnble. 

Albedo.—When sunlight falls on a planet, part is absorbed, the rest reflected: the Aledo of the planet is the 
ratio, to the total sunlight received, of the light it reflects in al? directions: this cannot be determined from full phase 
alone, and different formule give rather differont results in some cases, see the Table on p, viii. 

Refraction.—All observations of position have to be corrected for almospheric refraction, which raises a celestial 
object higher in the sky than its true position, by fully 4" at the horizon, decreasing to 0" at the renith (Table p, x). 

Aberration.—The velocity of light is not infinite compared with the Earth's orbital velocity, and the two 
velocities combined results in a small variable displacement (max. 20"-47 on each side) of celestial objects from their 
true positions; the Earth's rotation causes o lesser aberration. At the end of a sidereal year, however, a fixed star 
returns to its original place, so far as aberration is concerned, 

Apparent: True.—In astronomy ‘things are not what they seem,’ in literal fact, Movements actually seen, 
and positions read off, by the observer, are in general not the real movements or positions, owing to refraction, aberration, 
Earth's orbital motion, &e., and are therefore called Apparent or observed movements or positions—Apparent Time, 
Noon, R.A., motion, &c. The 7rue (real) values are ‘reduced’ from the apparent ones by eliminating the effects of refrac 
tion, and other factors modifying the actual values, but sometimes “Trne’ = ‘Apparent,’as in True Time, True Equinox, 

Epoch.—The date for which an astronomical catalogue, chart, or position, &e., has been calculated, as, sooner or 
later, precession, proper motion, dc., perceptibly change the positions given, and comparison at future epochs would 
be of little use without this date. The usual date is Jan, Ist of the year; that of 1950 is o standard one. 

Ephemeris (plural Ephemerides). Any Table of calculated positions, &c., in connection with a celestial object. 
The American Hphemeris corresponds to the British Veutical Almanac, and has some Tables not given in the latter, 

Equation.—A small correction on the figures actually observed, to eliminate instrumental, ocular, and other 
imperfections, grouped together as Systematic Frrors—i.e,, errors that always recur when the observations are repeated 
under the same conditions, and with the same instruments (Accidental Krrore ave those that do not recor, as from 
abnormal refraction, &c.). Also o similar correction for orbital irregularity, as in the Eyuation of Time, and o/' the 
Lywinores poate. For the errors of the eye in observing, see an interesting paper in the J.B.A.A., vol. $9, p. 4. 

The Personal Equation of the observer affects observations of every kind, and for refined work has to be found 
by experiment ; the transit records of one observer are regularly late or early compared with those of another observer, 

Colour and Magnitude Equation, see p.17, Transits of the aame star recorded in the hours after sunset and 
before sunrise, respectively, also seem to require an equation, a difference of some 0-06 second having been noted, 

Fundamental or Clock Stars, are stars the positions, ¢o., of which have been measured with the utmost care, 
and which are used ag reference points for finding the R.A. of other stars with less labour. The positions of these 
stars for each dav is given in the V.4.; they are called ‘clock stars’ because they are used for regulating the clocks, 

Dependencies: « short, anid accurate method of meusuring positions on star photographs from the Dependenca 
Centve—an imaginary point, close to the image of an asteroid or planet, the position of which can be exactly calculated, 
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A Day is (a) the axial rotation-period of the Sun, Mion, ora planet; (4) the interval between successive returns 
of a celestial body to an observer's meridian, With respect to the Sun, ora star, three ¢ days’ are used in astronomy ;— 
1. The ordinary Solar Day of 24 hours—atrictly speaking the slightly irregular interval between successive tranaite of the real 
Sun, but in praetice taken as the unvarying interval between those of an imaginary ‘ Mean Sun,’ adjusted to the average 
solar day. The true solar day is variable to the extent of 51 seconds between the extremes, being 30 seconds over the 
mean solar day about Dec, 22, and 21 seconds under the mean about Sept. 17, A new day or date on the Earth begins 

on the Date Zine—the meridian 180" E. of Greenwich, with deviations for geographical, &e,, reasons. Julian Day, m, 9. 
The Longest and Shortest Days are at the Soleticas, but owing to the difference between Sundial and Mean time (local), and 
to changes in it resulting from the varying hour of sunset or sunrise in diferent latitudes, the dates of earliest rising and 

setting vary from the actual solstioes with the latitude, There are two earliests and latests in low Intitades (see p. X11), 
2 The Stdereal Day (conventional) of 24 sidereal or R.A. hours, the interval between successive transits, not ofastar but of the 
ever-moving True Equinox (22h. 66m. 40905 seca, moan time); it is really the evucnoctial sidereal day, used in prefer- 
ence to (3) because the Sun's R.A.—being always 0' about March 21—is always about the same ona given day of the year, 
3. The True Sidereat Day, the interval between successive transits of a star (23h. 66m. 41900 secs: mean time), ia the exact 
period of the Earth’s axial rotation. Each year it falls behind (2) by 3°3 secs. mean time, or exactly | day in 25,800 years, 
As this is nearly 1 hour per 1000 years, the stars familiar to us now as winter, spring, &e, stars will in some 6000 yours 
be thoae of autumn, winter, de. The true sidereal day is (irrezularly) longthening about 1/1000th second per cantury, on 

the average; in harmony, therefore, the sidereal year, expressed in days, shortens about 1/Snd second per century, 

A Lunar Day, the interval between successive meridian transits of the Moon, varies from 24h, 38m, to 25h. 6 m., 
and averages 24 hrs. 51m.; it determines the tide-interval from high water to high water, whieh is Aalf a lunar day. 

Our Afean Time (Mean Solar ‘Time) ia based on the mean solar day; Zrue, or Apparent Solar Time, or sundial 
time—which varies alightly from day to day—on the Sun's setual southings; Sidereal Time, on the sidereal day. 

The Year.—The Solar, Fguinoctial, or Tropical Fear (365°2422 solar or 366-2422 sidereal dys)in which the seasons 
recur, is determined by snocessive returna of the Sun to the same equinox; or to the same ‘tropio' or ‘solstitial point,’ 
the point on the star sphere where he attains his greatest distance N, or 8, of the Celestial equator, on mid-summer or 
mid-winter days: ‘tropic’ also denotes the Declination parallels on the star sphere passing through the solstitial points. 

The Stdereal Year (S65-2564 daya) is the interval between successive conjunctions of the Earth with a star, os 
seen from the Sun; it is the true period of the Earth's orbital revulution round the Sun, (Solar year is 20} min, less), 

The Anomaliatic Year (365-2596 days) is the mean interval between the Earth's returns to perihelion about Jan, 2: 
as it varies a day or two on each side of the mean, perihelion may occur twice in a calendar year, or not at all, 

The Julian Fear, used in our calendar, has exactly 965-25 (3651) days: the fraction is adjusted by having Calendar 
Years of 365 or 366 days, the latter in every fourth year divisible by 4 (leap yr.). All years have been Julian since the 
Julian yenr was inatituted in 45 p.c., except (a) 1582, which by the Gregorian revision of that year had only 355 days 
(Britain and its American colonies substituted 1752, which had only 355 days instead of 366), and (4) 1700, 1800, 
1900, restricted to 365 days by the new Gregorian rule omitting leap year in century years not divisible by 400, 

The Lunar Year ($54°3670 days) of twelve lunations, used in the Mahommedan calendar, has twelve months 
of 29 or 30 days each, based on the phasis, or first observation, of each New Moon; it may have 354 or 355 days, 

Besael's Fictitious Year, used in the VA, Mean Star Places, begins at the instant when the Sun's apparent mean 
longitude is 280", on Deo, 31st civil date (in the VA. ‘Jan, 0,’ te which it corresponds), or on Jan, lst. 

The eclipse Year (346°6200 days), the interval between successive returns of the Sun to the same node of the 
Moon's orbit, is the period of possible recurrence of both solar and lunar eclipses, which can only take place when these 
bodies are within a small distance from the node, 19 eclipse years are 6585-78 days, almost exactly the same as the 
ancient ‘Saros' cycle of 6585-32 days, (18°03 yra.), the period after which the same eclipses occur regularly for centuries. 

A Planet's Year denotes the period in which it completes one orbital revolution round the Sun. 

Lunar Months.—The Synodie Month or Lunation (mean, 2953059 days), the period from New Moon to New 
Moon, or between similar phases, variea between 294 and 293 days. New Moons recur on the same day of the year 
every 19 years (subject to leap-year disturbances)—the ancient Metonie Cycle of 235 lunations, or 6940 days. But 
four eycles were found to displace recurrence a whole day, #6 235 lunations only amounted to 695999 days, so the more 
scourate Callippie Cycle of 6939} days x 4 was framed, which adjusted the error on the same principle as leap year, 

The Anomalistic Month, from perigee to perigee, 27-55455 days on the average, is the period of the Moon's changes 

in angular diameter and luminosity, as seen from the Earth; it varies a day or two on each side of the mean, 

The Sidereal Month (mean, 27-52166 days), the period in which the Moon circuits the star sphere from transit at 
the same instant as a ater back to transit at the same time with it again, is also the short-term period (p, 38) in which 
an occultation may recur, or in which the Moon's close proximity will again hinder the observation of a star. 

The Nodical Month, or Draconitic Period (mean, 27-212220 days), from a node back to the same node again, is also 
the period in which the Moon again attains her greatest distance N. or 8, of the Ecliptic: it varies from about 27 to 274 
days, As the Moon's nodes travel westwards along the Ecliptic about 14° per month, her path sweeps completely 
round the star sphere in about 18} years: the Ecliptic therefore represents the Moon's averege path on the star sphere. 

The Tropical Month (mean, 27:32158 days), the Moon's period from conjunction with the True Equinox back te 
conjunction again with that Equinox, is the period after which the Moon has again the same longitude, 
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Sidereal Time, used for measuring R.A, is the interval, in sidereal hours, minutes, and seconds, since the pre- 
ceeding meridian passage, at a given place, not of a star but of the True Equinox or First Point of Aries; each sidereal 
hour is 1/24th of the average interval (see below), and 9°83 secs. mean time shorter than the mean solar hour, making the 
aidereal day $m. 55°91s, (mean time) shorter than the mean solar day, Each observatory has oa sidereal clock keeping 
this time, to give the hour of R.A. on the meridian at any time (Table p.xiv); at 0 hra. by the clock, the True Equinox 
is on the observatory’s meridian, As that Equinox is not directly observable on the meridian, the clock is regulated by 
observing transits of ‘clock’ stars (p. 7) of known position, given in the Wd, 

Sidereal Time is thus a focal sidereal time, measured from, and keeping step with, the True Equinox of date, but differing 
from the sidereal time of every other observatory not on the same meridian, Being measured by a clock it is a uniform 
time, but it is not Actual Sidereal Time, the interval between successive transits of the True Equinox being slightly irregular ; 
the difference from the clook time, however, is too small to cause practical inconvenience 

Uniform or Mean Sidereal Time has the same relation to ordinary sidereal time as Mean Time has to True Time. 
It is measured from the Mean equinox of date, instead of the True equinox ; the difference never exceeds + 1-2 secs. 

Mean Time, shown by ordinary clocks, is the interval sinoe the preceding ‘mean midnight,’ or instant when, during 
the night, an ordinary clock, correctly regulated to the average length of the mean solar day from noon to noon, shows 
12 hrs., or 24-hour clock shows 24 hrs. Mean Noon is the instant when mean time clocks indicate XII, at mid-day, 
Each country has its own meridian for 0 hra., (see below ‘Standard Time’). Local Mean Time, see below, 

Apparent Time or True Time (solar), is Sundial or Local Time, based on the observed interval (varies slightly, 
p. 8) between two successive transite of the Sun's centre at oa given place, These differences, by accumulation, may 
mount up to £15-16 minutes from the mean interval, thus to obtain the true Local Mean Time, « correction called 
the Aquation of Time has to be added to the Trae Time, or subtracted: this is given in almanacs, sometimes on the 
sundial (Zable, p, xii). The Sun and clock agree, however, on or about April 15, June 14, Sept. 1, and Dee, 25, 

Astronomical and Civil (Mean) Time.—Both begin at midnight, the former starting at Ohra., the latter at 
12 a.m., and are the same till noon—in Civil Time 12p.m., when the hours begin again with ‘p.m,’ till midnight, But 
Astronomical Time, to avoid confusion with a.m. and p.m., continues 13 hre,, 14hrs., déc., to 24 hra, or Ohra., midnight. 

Interval between two Phenomena.—Till Deo. 31, 1924, the astronomical day ran from noon to noon, so that its last twelve 
hours were in the following civil day, As this caused confusion, on Jan. 1, 1925, the astronomical day beginning was put back 
twelve hours, to coincide with the civil day, Hence in finding intervals, one before and the other after midnight Dee. 31, 1924, 
to obtain the true interval, 12 Aowrs must be cleduectedd from the apparent interval arrived at from the VA. dates and hours, 

The best way to find long intervals is to convert the dates into days of the Julian Period {see below) by the V.4. Tables, 

Universal Time (U.T., T.U.), (Britain, Greenwich Mean Time (G.M.T.); Germany, Weitzeit, World-time, W.Z.), 
denotes the Mean Time for the meridian of Greenwich, starting at midnight for both Civil and Astronomical Time, 
Outside Britain, Greenwich Civil Time (G.C.T.) was often used for this time till the 1.A.U. adopted 7.7, 1935, 

Noon to noon astronomical time, when required, is designated @.M.A.7!—Greenwich Mean Astronomical Time, 

Standard Time is an international arrangement for facilitating inter-communication, whereby (a) Greenwich 
is taken as the universal zero of longitude and time, and (}) the official mean time of each country or large district 
differs from Greenwich time by an exact multiple of half an hour. For the various Standard Times see almanacs, 

Local Mean Time, required for finding the clock time of sunrise, southing of the Sun, &c., is the true mean time 
of the meridian of a place, On the standard meridian, at a given hour, the local time is slow compared with that 
of places to the E., where the day begins sooner, but fast compared with that of places to the W.; hence to obtain local 
mean time, add to, or subtract from, the standard mean time, 4 minutes for each degree the place ia E. or W., respect- 
ively, of the standard meridian. Thus if using, in other places, the Sunrise and Sunset Tables caleulated for the local 
time of the standard meridian (see the .4.), the longitude correction must be subtracted for E., added for W., as the 
phenomena take place earlier and later, respectively, than at the standard meridian, 

Light-Time, the time taken by light to travel from a celestial body tothe Earth at a given moment, has to be 
allowed for when computing true rotation periods, de. For the Sun, at mean distance it is 498-58 seca, (8:31 min.) ; 
the maximum is about 8-4m., the minimum, 82m. The observed maxima and minima times of variable stars require 
a + or — light-time correction for the Earth’s position, as periods are stated for the Earth at mean distance, 

The Julian Period (J.P.), used to calculate the exact interval between dates at long intervals apart, starts on 
Jan. 1, 4713 ac. atnoon. The Julian Day, or Julian Date (contracted J.D.) is the number of days that have elapsed 
since the beginning of the Julian Period; a Table in the V.A. gives the Julian Day corresponding to Jan, 1 of each 
fourth year from 1 5.¢., which the Table calls ‘a.p, 0". In ordinary chronology, 4.p. 1 is the year following 1 B.c., and 
ng there is no zero year, when #0, and A.D. years are added, the resulting period is one year too great; or, if subtracted, 
one year too little. Calling 1 5.¢,, ‘a,p. 0 (astronomical)'; 28.¢., ‘18,0. (astron.),’ and so on, gets over the difficulty. 

For astronomical purposes, decimals of a day are employed with the Julian Day, instead of hours and minutes, 
as addition and subtraction are easier; thus Jan. 1, 1926, 9p.m., astronomical time, is stated as J.D. 2,424,517-375, 
reckoned from noon, But the Julian Period being still reckoned from noon, not midnight, note that all astronomical 
hours less than 12h. Om. (or ‘5 day), still belong to the Julian Day preceding the civil date. Thus Jan. 1, 1926, 9a.m., 


astronomical time, is J.D, 2,424,516°875, t.¢,, Dee, 3] 1925, 21 hrs., of the Julian Period. (Decimals of a day, p.x¥1. 
B * Sometimes J.A.D.—Julinn Astronomical Dey, ' 


10 Ill THE GALAXY AND THE STARS 

The Galactic System.—Though sagacious conjectures as to the structure of the Universe had been previously 
made, nothing was known from observation till 1785, when Sir W, Herschel concluded, from the distribution of the stars, 
and the relative magnitudes of the brightest and faintest stars seen in his 18j-inch telescope, that the Galaxy was in 
the form of a thin lens-shaped disc, slit at one end lengthways where the Milky Way branches. Its length he stated 
as about six times its greatest breadth, and he believed that the Sun was near its centre, but as nothing was known 
of the distances of even the brightest and therefore presumably the nearest stars (except that they were greater than 
that corresponding to 1” annual parallax), he could only state the dimensions in what he called Siriometers, the (un- 
known) distance of Siriwe or an average first magnitude star; this could be converted into actual dimensions when the 
parallax became known. Expressed in modern units, Herschel’s dimensions are 5950 light-years across, 1085 through. 

When, however, the distances of the Magellanic Clouds (p, 13 and extra-galactic Nebule became known, our 
Universe was found to have definite limits, and to be merely an ‘island universe’—one out of millions of similar systems 
separated by distances of millions of light-years, Our Galactic System—containing some $0-100,000 million stars, and 
perhaps larger than the others—seems to be in the form of a lens-shaped dise some 100,000 light-years in ita greatest 
length, and some 6000-10,000 in its greatest thickness, with a spheroidal centre perhaps 15,000 light-years in diameter.* 
The stare are greatly condensed towards the galactic plane, 

The Galaxy isin rotation round The Galactic Centre, some 30,000 light-years from the Sun, in the dense star-clouds 
near the junction of Sagittarius, Scorpius, and Ophinchua, about galactic lat, 0° and longit. $25-830° (Map 12)—there 
is no evidence for a central Sun, once thought probable—and the rotation periods of its members decrease with 
distance from the centre, those near the Sun being about 225 million years, at a speed of some 275 km/seca, 
(171 m/secs,). The Rotational Term of the Galaxy is the rotational velocity round the Galactic centre corresponding to 
a given distance from that centre (but may be used of any term arising from galactic rotation): being proportional to 
the distance, it can be found by measuring the intensity of interstellar lines, (p.23; see Pub. D.A.O., vol. 5, 1933). 

Nove, Wolf-Rayet stars, Cepheid variables, Planetary nebule, the Gaseous nebulw, stars of Types B and N, and 
eclipsing binaries, show an unusually strong preference for the Milky Way and its neighbourhood, while the Globular 
clusters and Extra-galactic nebulm seem to avoid it—now believed to be largely the result of the opaque matter 
being distributed more thickly in the Galactic Plane, similar to what is seen in spiral nebulm viewed edgeways. 

It is probable that our System of stars, globular and open clusters, gaseous nebule, and dust clouds, is a spiral 
nebula, something like the Great Andromeda Nebula, with local condensations in its arma, in one of which the Sun 
is situated a little above the plane of the Galaxy—the Galaxy being a ‘small circle’ of 88° (Struve). 

Metagalactic Space is space outside the limits of the Galaxy; Anagalactic Space, that within ite limits, 


Interstellar Matter.—The space intervening between the members of our System is not empty, as was once 
thought, but is occupied by matter of exceeding tenuity—which has been computed as being of the order of 3 ounces 
per 1000 cubic miles—rotating on the whole with the general System, and revealing ita presence by ‘interstellar lines’ 
(p23), and—near the Galactic plane, where it is denaer, though elsewhere mostly evenly distributed—by light-absorp- 
tion, which reddens the stars (p.22}, There are also vast opaque clouds, probably minute dust particles, to which the 
irregular breadth and outline, and the rifts and gaps, of the Milky Way, also the dark patches elsewhere, are partly due, 





The Galactic Plane, passing through the central line or equator of the Galaxy (Galactic lat, 0°), is of 
fundamental importance in stellar study, owing to the peculiar distribution of various classes of objects with respect 
to it (see above), This plane is completely defined by the position of its N. pole, but authorities vary (see below), The 
LA.U. (1952) recommend as the Standard System for statistical purposes, R.A. 190", Dec. + 28", 1900 (Ohlsson, practi- 
cally Argelander's), For Selected Areas, Harvard uses Gould's value; for Galactic Charts 17-18, the Standard is used, 

The Galactic Equator.—Authorities differ somewhat os to its course, as is not unnatural owing to the very 
irregular outline of the Milky Way: reference to the rough outline in the star maps will show that in several places 
the Galactic equator comes near the edge of the visible Milky Way, the observed central line of which averages 
about 1°, of the actual equator, Newoomb's position for its N. pole (see below) includes the ‘branch,’ 

Tha North Galactie Pole is about 1“W. of 30 Comm Ber. (Map 9), where the extra-galactic Nebulw cluster thickly ; 
the Table gives various estimates (dates notepochs); the §. GalacticPole is near nebula H. VI 20 Seualptoris (20, Map 4). 

Adilparkty. RA = bh om De § Authority. kA = & op. Dee Anthertty. BRA = bo mp )= 6c 8. 
Herschel, ee» 187f" (12 20) 31° 30' | Newcomb (1904)191" (12 44) 26° 45° | és a ss 
Argelander, ... 190° (12 40) 28° §' | Hertzsprung (1912) 1909" (12 43) 27° 12 
Marth (1872) ... 190° (12 40) 20° 0 Walkey ... (1914) 1919°(12 47) 27" 0 
Gould (0.4. 1878) 190)" (12-41) 27° 21° | Grat® —... (1820) 192}"(12 49) 26° 48° aa ssa ai 

Galactic Longitude.—The usual zero is the intersection of the Galactic Equator with the Celestial Equator about 
BRA. 18h. 40m, If, however, the galactic meridian passing through a star with almost no proper motion, as a Cygni, 
were adopted instead, as has been proposed, the precession of the equinoxes would not affect the galactic co-ordinates 
as it does at present—obviously a great advantage, unless epoch 1900, say, is kept as a permanent zero. If the galactic 
longitude of a Cygni is made 0° (1.A.U., 1925), about 51° must be deducted from the galactic longitudes measured from 
the node of the Galaxy on the 1900 Celestial equator, Charts 17, 15 of this Atlas give both Galactic and ordinary co-ordinates, 

FEM * Flaskett, Halley Lecture, 1995, 
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The Milky Way or Galaxy, composed of millions of minute stars, observationally forms a great ring extending 
right round the star sphere, inclined about 61" to the Ecliptie plane, and slit lengthways at one part. It is brightest 
in Cygnus and Aquila (N. Hemisphere), in Scorpius and Sagittarius (8, Hemisphere), and faintest in Monoceros. 

Between Cygnus and Scorpius the Galaxy forms two narrow parallel bands for some 110°, then it is very much 
broken up and complex for a considerable distance, but brighter, especially in Sagittarius, where the individual stars 
in the star clouds are a0 densely packed as to be indistinguishable (not well seen in European latitudes, as they south 
low in mid-summer). In Argo, near Canopus (50°S.), the Milky Way is (visually) completely divided across for a short 
distance, but near Canis Major it again becomes a single, though fainter band, which narrows to about 5° in Taurus, 
and broadens out once more in Perseus and Cassiopeia; its very variable width averages 15°, but in places it is 20" or 30". 

The Coal Sack, a remarkable gap (starless to the naked eye) in the Milky Way, near the foot of Crux, appeara 
like a dark abyes in the surrounding brightness—largely due to contrast, as, in a photograph, the area is much brighter 
than in the non-galactic regions in the vicinity, Thiz gap, similar but smaller gaps in Cygnus and elsewhere, also 
the Great Rift in Argo, are believed to be due to dark nebulm (p. 13), intervening between us and the Galaxy beyond. 

Stellar Photographs taken on ordinary plates, differ in general from what is scen visually, owing to what may conveniently 
be termed colour index effect—ie,, stars Lluer than AO being photographically brighter, those redder fainter, than they are 
visually (p. 16). Such photos show fait B stars bright, and bright M stars faint, making familiar visual groups unrecognisable. 

Photographs of the Milky Way (sectional) are given in J7.4., vols. 72, 60; others are in Die Milelstrasse (Goos), Hamburg 1021, 
and in Mandbuch der Astrophisil, vol. 6 (2). 





Double Stars are stars which to the naked eye appear asa single point of light, but when viewed through a 
telescope are found to be composed of two stars—not necessarily physically connected, as they may simply happen to 
be in the same line of sight. Triple Stars have three, quadruple stars four, and multiple stars many components. 
Where one of the stars is of a much smaller magnitude than the other, it is often atyled a comes (plural comites) or 
companion. The most interesting ‘doubles,’ &c,, are indicated in the Notes appended to each star chart. 

Binary Stars are double stars which are ‘physically connected,’ revolving round a common centre of gravity, 
and not merely chancing to be in the same line of sight. Spectroscopic Binaries are those found to be binary by the 
temporary doubling and displacement of the lines in their spectra, although too close together to be ‘resolved,’ i.¢., seen 
separate in the telescope, Visible binary stara have periods varying from two years to many centuries, If the plane 
of their orbit is in the line of sight from the Earth, they may be seen to approach closer and closer together, and 
at last appear to the eye as a single point for a considerable period, afterwards opening out again. 

In « binary system, the motion of the companion is direct when the position angle is increasing in degrees, and 
retrograde when decreasing. The smaller atar is sometimes aaid to be in periastron with the principal star, when 
actually (as distinct from apparently) nearest to it; and in apoastron when farthest from it. 

Star Clusters are small groups of stars, crowded more or jess closely together, which in the telescope are 
glorious sights (see Notes, Star Charts), Star Clouds differ in being portions of the Milky Way itself in which the 
stars are so closely packed as to appear as a continuous irregular bright cloud: they are most conspicuous in Sagitt- 
arius, in which the centre of the Galactic System seems to be situated, Star clusters, proper, are of two kinds .. 

Globular Clusters are globe-shaped, densely-packed masses of stars, thinning out rapidly at the edges of the central 
condensation, then slowly when the distances between individual stars has become considerable; M13 in Hercules 
(N,G.C, 6205) is atypical specimen, Over 100 are known,* few nearer the Galactic Plane than about 10", and all lie 
in the region between 149° and 41° Galactic longitude, which indicates considerable eccentricity with reapect to the Sun. 
They also occupy a place opposite to the majority of the Spiral nebulm, being mostly in Ophiuchus and Sagittarius, 

Open Clusters have no central condensation, are more or less irregular in form, are often associated with 
nebulosity, and are most numerous opposite the region in which the Globular clusters predominate. The Prasepe in 
Cancer exemplifies one type, somewhat resembling on open Globular cluster; the Pleiades, in Taurus, represents 
another type, an irregular, yet well marked group, the components of which have a common motion, 

Moving Clusters or Star Groups are not clusters in the ordinary sense, but groups of stars which have evidently 
#ome intimate relationship, as they are moving with similar velocities towards the same point on the star sphere. 
Proctor termed this phenomenon ‘star-drift.’ The individual stars may be in widely different parte of the star sphere. 
The beat known are the Taurus, Perseus, and Ursa Major groups: the latter includes 8, y, 4, ¢, ¢, of Ursa Major, and 
the apparently unconnected stars 6 Leonis, Sirius, 8 Eridani, 8 Aurigm, and a Corone Borealis, 

The Local Cluster, inferred to exist from the study of parallaxes, magnitudes, dc,, is believed to bea bun-shaped 
aggregation of stars, like a very open Globular cluster, to which our Sun appears to belong, and in which he is situated 
a little to the north of its central plane, and some distance to one side of its centre. Its central plane is inclined 
10°-15° to the plane of the Galaxy, and its stars are relatively near us, compared with the Milky Way, and compara- 
tively close together, while ita diameter is of the order of 1000 parsecs, or 3000 light-years. The majority of the 
brighter B stars seem to belong to this cluster, and according to Shapley its apparent centre is in Carina, 

* See List in #.A., Vol. 76, and 2.0.0. 776. 


12 THE STARS. 


Variable Stars ore those which wax and wane in brightness; there are many varieties, which afford a useful and 
interesting study for amateur observers. The Amplitude (A, visual, photographic, &e.) is the range of magnitude 
between maximum and minimum. The more important types are given below (See Notes on Observing, p. 42, and 
on Nomenclature, p. ix). 

When a variable star is, for the time-being, a morning star, rising shortly before sunrise, its maximum or minimum 
is called a‘ morning’ one. Similarly, ‘spring,’ ‘autumn,’ maxima, &e,, refer to the time of year at which they occur. 

I, Nove, or New stars, ulso called ‘Temporary Stars, suddenly blaze out where no star of that magnitude has been known 
before, but soon fade away to a amall fraction of their maximum brightness; may be visual, telescopic, or photographic, 
and generally identifiable with some previously-known very faint star. Characteristic spectrum, with maximum 
intensity far in the ultra-viclet—sometimes having brood, bright, and dark bands side by side, which soon changes, 
following, on the whole, but with individual peculiarities, the sequence detuiled on page 4%, ond finally becoming 
identical with that of a Wolf-Rayet star (p. 19). (See List of Nove on p. vii, and note on Nomenclature, p, ix). 

It is probably significant that most Novae yet discovered (except those in nebule), are either in, or near, the Milky 
Way, and that they greatly preponderate in one direction, 14 Nove (modern) having appeared from 0° to 90° Galactic 
longitude ; 8 Nove from 80" to 180"; 4 Nowm from 180° to 270°; and 16 Nove from 270" to 360°. Nove appear in 
Spiral nebulm, apparently of two types—ordinary Nove, of absolute mag. about —5, and Supernowe, about — 1h, 

Il Long-Period Variables. Mirids, Poriods, 90-600.days, averaging 300 days: red stars (Giants), of Types M or N, sometimes 
8, K, or R. Range of variation usually several magnitudes ; periods, and maximum magnitude attained, are usually 
irregular; riae of magnitude usually much faster than the decrease. Typical star, o Ceti (Mira): see Notes on Map 6. 

Ill. Irregular Variables, Stars of all types from G to N, sometimes asexciated with nebular matter; no regular period; 
most vary only a magnitude or two, Many varieties, but five chief divisions :— 

a. Red stars with slight variations, like » Cophei. [Tauri, R Scuti, W Cygai, 

b, AV Tawri Type. Variation averaging 2 magnitudes. Bright and faint maxima somewhat like the Lyrids. Typical stars, RV 

¢. Of Geminorwm Type, Constant minimum for many weeks or montha, then a sudden blaze-up of several magnitudes in 
alternate long and short maxima, with slower fall to 4 constant minimum, 

d. R Corone Borealis Type. Normal for months or years, then decrenses many magnitudes, and after an irregular interval 

of similar order to the perind of normality, returns to normal. Rises less quickly than it falls. Sea Notes, Maps 11-12. 

¢ Nove-tike Stare; quick rises like the Novw, Most notable star, 9 Argits, see Notes on Maps 9 and 10, 

IV. Short Period Variables, with periods mostly less than 50 days—excluding those of ‘eclipse’ Type. 

Cepheids, Ginnta with a rather endden rise of light, followed by o more gradual fall to minimum ; periods from o few 
hours to a month or two, but averaging 7 daya; range of variation asually Jess than one magnitude; spectrum at 
minimum may bea whole Type lower than at maxiroum, Typical star, § Cephei; see Notes, Maps 3 and 4, Cepheids 
are of great importance for finding stellar distances, 85 those of the same period have the same absolute magnitude. 

Cluster-type Cepheids are those with less than 24-hr. poriods, being found in great numbers in the globular clusters, 

Preudo-Cephoids are stara with spectra similar to thoee of Cepheid variables, but which do mot vary in brightness. 

V. Eclipsing Variables, so called because the decrease in brightness is due to eclipas, at regular intervals, by a companion 
which may be fainter or dark. The Lyrids are also classed as ahort-period variables, but are now belioved to be eclipse 

Algotids. A single well-marked minimum, sometimes a alight secondary ono. Typical star, Algol (Notes Map 5). [type- 
Axtalgol type. A kind of Cepheid like § Arm, with a light-curve opposite to that of Algolids ; name now obsolete, 

Lyrids. Two equal maxima, with a small intervening minimum between them, followed by a large minimum: also called 
ellipsoidal on account of the shape of their components. Typical star, @ Lyre; sce Notea on Maps 13 and 14, 

VI. Secular Variables—stara which, in the course of centuries, have imperceptibly faded or increased in brightness, of 
which there is some evidence, Thus the Greek legend of the fading away of Sterope, one of the Pleiades, is probably 
based on an astronomical fact. @ Libre, and Castor are other supposed examples. 


SEB UL dE. 13 


Nebul@ are small, faint, misty, patches of light; only a very few are visible to the naked eye, such as the Great 
Andromeda and Orion Nebulw, representative of two different types, They are usually more or less regular in form— 
spirals, spindles, ovals, and spheroids—but some are irregular or indefinite in outline; some are resolvable into 
patches of very faint stare; others are masses of gas of extreme tenuity, estimated as a thousand millionth of 
the density of air, There are various types :-— 

I. Galactic, Gaseous, or Green Nebulx (belonging to our System), Classes (a) and (b) of these tend to cluster in the plane of 
the Milky Way—unlike the extra-galactic or ‘White’ Nebnim, chiefly found towards its north pole, There are several 
snb-divisions ; (a) and (6) have bright-line spectra ; but shine not by their own light, but by absorption and re-emission 
of radiation from high-temperature stars within them. 

a. Irregular Nelle. Preponderate towards the Milky Way; irregular or indefinite in form, distinguished telescopically by 
their greenish or bluish colour; small radial velocities. Chiefly composed of ‘nebulium’ (45007, 3727), Le., ionised 
exygen, Qin, On, with hydrogen and helium; may be connected with earlier stages of star formation, usually but 
not always, having stara shining in them, evidently intimately connected, The Great Orion Nebula (M42, N.G.0. 
1976) is of this Typo; distance may be about 1900 light years, Much fainter, and shown best by photography, are 
the nebulosities round, or joining, some stars (as in the Pleiades), also obviously connected with the stars, 

b. Planetary Nebule, More or less circular in form, and #o-called because in a small telescope they somewhat resemble 
the faint disc of a planct; only a few have a brighter central condensation. All havea central star of small mass and 
high temperature (White Dwarf) within them—occasionally not distinguishable—to which the visibility of the 
nebula is due, Tend to condense towards the Milky Way: related to Wolf-Rayet stars (p.42), which have similar 
spectra but smaller masses and velocities; also to Novi, which towards the end of their outburst first become planetary 
nebule, then pasa into their final stage, showing spectra identical with these of Wolf-Rayet stars, Mean velocity 
25°3 kim. (15°7 miles) per second : masses up to 10 times the Sun's. 

¢, Invisible Nebute or interstellar matter—unseen cither by eye or camera—non-luminous, fairly evenly-distributed, excers- 
ively tenuous clouds of calcium, hydrogen, and sodium, inferred to exist as the simplest means of accounting for 
stationary lines of these elements in the spectra of Novm, and of very distant O and B binary stars. The star-light, 
traversing an enormous length of the interstellar matter, suffers another absorption, and as the matter rotates with 
the Galaxy, its absorption lines do not move to and fro as those of the moving components do (see page 23). 

Note.—The temperatures of guseous nebulw and of interstellar matter are given as being of the order nf 100,CO0* and 15,000°K., respect- 

tively, This means that their atome are moving with the velocity corresponding to thore of a dense gan at these temperatures. 

II. Dark Nebulm, Supposed to cause the dark gaps, and the great irregularity of width snd outline, in the Milky Way, and 

dark patches elsewhere: revealed by photography and star counts. Great irregular clouds of non-luminous opaque 

matter, most probably dust, which, being nearer to ua than the Galaxy, shut out the light from the celestial objects 

beyond them, Largely in the neighbourhood of the Galaxy: some are probably only a few hundred light-years away. 

Herschel believed these to be empty lanes between the stars ; his ‘Hole in the Heavens’ is almost certainly No. 66 in 
Barnurd's Catalogue (p. vi). 

Til. Extra-galactic or * White ' Nebula.—' Island Universes,’ similar to our vwn Galaxy. Appear about galactic lat. 10° N.& 8.; 
rupid increase to 30°, slower to 70°. Faint continuous spectra, more or lees resembling that of a star; may he composed of 
myriads of faint stars; by far the most numerous type. Probably evenly distributed through apace, those in lower galactic 
latitudes being veiled by absorbing matter. 

a. Irregular Nebula. Trregular outline ; the Magellanic Clouds are of this type. 

b. Spiral Nebula, mostly found by photography. Outline regular—elliptical, spindle-shaped, spiral, and barred—with a 
definite nucleus. The Spiral Nebulw are the most common ; not found in the Milky Way, but tend to cluster about 
the Galactic Poles, especially the Northern one ; thickest in the region opposite that in which the Globular clusters 
are most numerous, Distances of the order of millions of light-years; mostly receding from us at high velocities — 
900-40,000 km, (200-28,000 miles) per second—approximately proportional to their distance, about 600-560 km. (290- 
320 miles) per megaparsec. Some seen as ‘spindles’ or ellipses, are obviously spirals viewed edge-on, Spiral nebula 
frequently occur in groups, the more noteworthy being those in Ursa Major, Virgo, Canes Venatici, and Leo, 

The Great Andromeda Nebula (M31, N.G.C.224, visible to the naked eye), is of this type ; the distance is 600,000 light- 
years. Apparently approaching, as the result of the Galactic rotation, but actually receding, 


The Magellanic Clouds or Vubecula Major (the Greater Little Cloud), and Nubecula Miner (the Lesser Little 
Cloud) are now recognised as extragalactic objects—island universes, the nearest neighbours to our System, and 
typical ‘Irregular’ Nebulm (extra-galactic), They are invisible frem the latitude of Eurcpe and the United States, 
their respective Declinations being 70° and 73°S8.; their R.A.s Sh.d0m. and Oh,50m. 

To the naked eye they appear like detached portions of the Milky Way, from which they are some 30° to 40" distant; 
in the telescope they are seen as a marvellous combination of stars, clusters, and nebulw. The distance of the Large 
Cloud is 112,300 light-years; of the Smaller, 101,500 light-years: diameters, 14,000 and 6500 light-years respectively 


l4 ASTRONOMICAL TERMS, 


Parallax is the angular difference in direction of an object when viewed from two different standpoints, expressed 
by the number of seconds or minutes of are subtended by the line joining the two standpoints, ax sen from the object, 
The parallax of a star is reckoned on a different basis from that of the Sun or of a planet, 

In Diurnal Parallax, used for members of the Solar System only, the two standpoints are the Earth's centre and 
the observer, separated by the radius of the Earth’s diurnal or daily circuit ; it is greatest when the object ia on the 
observer's horizon—the Horitontal Parallax—and decreases to zero at the zenith, when object, observer, and Earth's 
centre are in the same line; as ordinarily stated it is the Eyuatorial horizontal parallax, for the Equator, where the 
Earth's radius is greatest. When the object is not on the horizon it has Parallax in Altitude, which decreases to 0" 
at the zenith. The Moon has the greatest diurnal parallax, max. 1° 28’, mean 57'.* 

Annual Perallae—used for stars and nebule only, their diurnal parallax being unmeasurably smnall—is the 
angle subtended by the mean radius of the Earth's orbit—the yearly circuit, as seen from the star. Exeept for the very 
nearest stars, the very minute angles involved make the results somewhat uncertain ; photographs taken six months 
apart have replaced, with far greater convenience, direct angular measurement, angles with a probable error as small 
as 0"-01 (1/360,000 degree) being measurable. The greatest parallax known (0"-765)is that of Proxima Centauri, 
though very faint the nearest star: it is physically connected with a Centauri, 2" away, which has parallax 0’-758,* 

A Negative Parellaa: (annual), stated in figures prefixed by mina, indicates an unsuccessful attempt at measure- 
ment, the distance of the star being made greater than that of the (assumed) much more distant comparison stars: 
the errors of observation may have exceeded the amount of the parallax, or the comparison stars been more displaced, 

Stellar Parallax.—W hen stating « parallax it is usual to give the basis of measurement, so that the ‘ weight," 
or degree of reliability, may be estimated, some of the many methods now available giving better resulta than others, 

Trigonometrical Parallax, the foundation for the others, is that measured by angular observations, direct or photo- 
graphic, When measured with reference to some other stars, asaumed to be much more remote on account of their 
faintness and small proper motion, the parallax is called the Aelative Parallax; if the average parallax of these 
reference stars can be estimated by some means, the relative parallax so corrected is called the Abwolute Parallax. 

Absolute Magnitude Parallaxes are calculated from the absolute magnitudes deduced from various phenomena; 
comparison with known trigonometrical parallaxes shows that each method gives: resulta more or less in fair agree- 
ment:—Cepheid parallax, derived from variation-periods of ‘Cepheid’! variables (p. 12), is probably very accurate on 
the whole, subject to some uncertainty as to zero-point; it is specially valuable for extremely remote objects, 

Spectroscopic Parallax is found from the intensity of certain lines in some types of spectra: Spectral parallax, from 
apectral Type and Giant or Dwarf classification (p. 20), where there is no marked separation into Giants and Dwarfs, 

Dynamic or Hypothetical parallax is a probable parallax calculated from the period and angular dimensions of tha 
orbit of a binary star, the masa of the system having to be guessed. As, however, the average star mass appears to 
beabout that of the Sun (p. 20), this unknown factor can be estimated on that basis with little likelihood of introducing 
much error, as, fortunately, a very considerable change in the mass value makes only a small change in the parallax. 

Jnterstellardine parnllax, based on a definite relation between the intensities of these lines (see p. 23) and the 
rotational term of the Galaxy, “should give more reliable parallaxes and absolute magnitudes than any other avail. 
able,” for the distant O and B stars, (See Pub, D.A.0., Vol. 5, p, 94, 1933). 

Mean Parallae, though not applicable to single stars, is valuable in statistical work for groups or classes of stars; 
it is based on relationships of their proper motions to the velocity of the Sun's own motion in space, and the stars’ 
angular distanee from the Solar Antapex (see p, 27). It becomes increasingly important as the lapse of time enables 
proper motions to be known more and more accurately. 

Seoar Parallar, also for groups of stars only, is deduced from their ‘parallactic motions’ (p. 15), valued at 90° 
from the Solar Apex (p.27). Secewlar Variation of parallax results from the radial motion of a star towards or away 
from the Sun, which will, sooner or later, sensibly change its annual parallax. 

Group or Statistical parallax is based on the reasonable assumption that in a fair-sized group of stars, those of 
the same magnitude are at the same average distance, the visual magnitude being thus an index of their distance. It 
requires, however, a starting point based on some other parallax, such as Secular parallax. 

Massluminosity parallax, found from mass-luminosity (p. 20), is perhaps not so reliable for the hottest stars, 


Astronomical Unit (A.U.).—The unit for Solar System measurements, and the base-line for stellar parallax, 
is the Earth's mean distance from the Sun, 92,897,400 miles, or 149,504,200 kilometres (last four or five figures not 
significant), the distance corresponding to the mean equatorial parallax 8"-80, This parallax, adopted in 1896 as the 
international basis for ephemerides, is expected to be near enough to the trae value to require no alteration later,* 

Unit Distance, The angular diameter of a planet ‘at unit distance,’ used when comparing the diameters of planets, 
is that which the planet would have, as seen from the Sun's centre, if it were placed at a distance of 1 astronomical unit, 
A million astronomical units has been called a Siriometer, a term first used by Sir W. Herschel in another sense—the 
distance (then unknown) of an average first magnitude star, assuming brightness as an index to the nearest stars. 

© See pagos vill and 83-for Tables af Purallarcs, 


ASTRONOMICAL TERMS. i] 
Parsec: Light-year.—A Pareee is the distance of a star having o parallax of 1"; a Light-Year, the distance 
that light, travelling 186,500 miles (299,800 km.) per second, traverses in a year—a convenient popular unit. 
10 parsecs (a dekaparsec, in Metric notation) is the distance at which absolute magnitude (p.17) is computed ;* 
e Awoparsec is 1000 parsecs. A Mogaparsec, for remote nebule, is a million parsecs, or 34 million light-years. 
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Radial Motion.—The Radial motion of a star is its apparent motion in the line of sight, either towards us or 
away from us; it is not the star's own real space motion (see below), Zhe Hadial Velocity is the radial motion 
expressed in miles or kilometres per second, which is found by the spectroscope to within } mile per second under 
favourable circumstances: + is used to indicate recession from us, and — to indicate approach to us. 

Proper Motion, or Tangential Motion, is a star’s apparent angular motion (if any) on the star sphere at right 
angles to the line of sight, expressed in seconds of arc per year or per century; it is found by comparing the star's 
present position with that which it cecupied at the time of the earliest reliable observation—precession, nutation, 
parallax, and aberration, being allowed for. As this angular motion is continuous, though in general very minute, it 
has to be taken into account when preparing a star catalogue for a given epoch (see note p. vi as to + and — ). 
The following are some of the greatest proper motions known: a long list is given Astrophys, Journal, vol. 41, 1914. 


Ursa Major. Groombridge 1830 (mag. 6}, ae! motion a annually sis ve ioe 7 ares 
Pictor, ... OZ &h, 243 (mag. 9), oe was 
Ophiuchus. Munich 15,040 (Barnard! astar, mag. 9 4) 10% found 1916, the greatest yet discovered 


The observed proper motion is not a star's real tangential motion in space, but an ‘apparent’ motion, being affected 
by the Sun's own motion through space towards the Solar Apex (page 27), Some stars have practically no proper 
motion—a result due in general to their very great distance, The Jiengential Velocity is the Tangential motion ex- 
pressed in kilometres or miles per second: the star's distance must be known. 

Linear Motion,—aA star's linear motion is the resultantof (a) the radial motion, and (4) the proper motion, ex- 
pressed in /ineal, not angular, measure, and requires a knowledge of the parallax, The dinear velocity is the linear 
motion expressed in kilometres or miles per second: to obtain that with reference to the Sun, at right angles to the 
line of sight, divide the annual proper motion by the parallax, and multiply by 4-74 for kilometres, or 2-05 for miles, 

Space or Peculiar Motion.—A star's space or peculiar motion (also known as Absolute, or Real motion), with 
reference to the surrounding stellar system, is the resultant of its Radial motion, and its motion at right angles to 
the line of sight, corrected for the Solar System's motion (p, 27): the corresponding velocity is its Space-velocity. 

The K-term, If the space-motions of the stars were at random, there should be as many stars with recessional 
(+) velocities, as there are with approaching (—) velocities, Statistics, however, show a surplus of recessional (+) 
velocities ; this excess over the — velocities is the K-term. Improved data have reduced the original amount, 

Cross Motion.—This term denotes a star's angular motion at right angles to the great circle joining the star 
with the Solar Apex or Antapex: the Cross Velocity is the Cross motion expressed in miles or kilometres per second, 

Parallactic Motion, also known as ‘Secular parallax,’ is the apparent displacement of a star caused by the Sun's 
motion—which displacement is known with ever-increasing accuracy as the years go on. The average distance of any 
class of stars can be found from their Parallactie motions, but the method is not applicable to individual stars. 

Star Drift; Star Streaming.—Sometimes the members of large groups of stars are found to have proper 
motions similar in direction and amount; Proctor called this Stier Drift. ‘Drift’ may also denote the motion of a 
group of stars relatively to the Sun, Star Streaming is Star Drift ona large scale, In 1904, Kapteyn found that the 
stars, in general, are moving in two favoured directions, which, when corrected for the Sun's motion, are diametrically 
opposite on the star sphere, and both exactly in the plane of the Milky Way. 605/ of the stars belong to Stream I, 
and are moving towards R.A,, 6 hrs. 20 min,, Dec. 12" N.; the other 40°/—Stream IT, which has about half the velov- 
ity of the first—move towards R,A., 18 hrs., Deo, 12°58, These points are known as the Vertices of Star Streaming, 
The centre of mass (or rather, of mean position) of the stars in a streaming star group is called the Cenéroid. 

A third stream, known aa ‘Stream O,' practically stationary, consiste of the majority of the B-Type stars, which 
seem to belong to the ‘Local Cluster’ (p. 11). 

Gould's Belt of Bright Stars, the tearer or brighter stars of the Local Cluster (which includes the Sun), is a 
great-cirele belt of bright atara which is inelined some 20° to the Galactic Plane: its equator is (roughly) « line drawn 
from y Cassiopeim between «and / Orionis, « Vele and 6 Carine, « and § Centauri, 2 and « Seorpii, back te the 
start, passing some 9° 8. of a Ophiuchi and Vaga, and close to é Cygni. 


* The distance of Pollux, very nearly, 


1 ASTRONOMICAL TERMS. 


Star Magnitudes.—The brightest stars are said to be 1st magnitude ; those less bright, Ind magnitude ; those 
still less bright, 3rd magnitude, and soon. Each magnitude is 2512 (about 24) times as bright as the one below ite 
a standard lst magnitude star (¢.9, Aldebaran, Altair) being 100 times as bright asa standard 6th magnitude star, 
which is about the faintest ‘lucid’ star, i.e,, visible to the naked eye, As, however, several Ist magnitude stars are 
much brighter than Aldebaran, the range of magnitudes also rans in the other direction, a star of magnitude ‘0’ being 
about 2} times as bright as one of magnitude 1, and astar of magnitude minus 1, about 2} times brighter than one of 
magnitude 0, and soon. After magnitude 6, the magnitudes run on, 7th, 8th, &o., for the telescopic stars, the llth 
magnitude being about the faintest visible in a three-inch telescope, and the 18th, in the most powerful telescopes yet 
constructed; stars several magnitudes fainter are obtained by photography, (See Table of relative brightness, p. x). 

Intermediate magnitudes are denoted in tenths or even hundredths, thus magnitude 3:00 is slightly brighter than 
Ol, but less bright than 2-99, the magnitude increasing as the brightness decreases, On the minus side of 0:0, how- 
ever, this is reversed, the magnitude figure increasing with the brightness, Thus magnitude — 0-1 is brighter than 
00; —1°0 is brighter than —0°9; and - 1-9 is brighter than - 1-8, and so on, Where there is no sign, magnitudes are 
always understood to be +, but + is usually given in the case of ‘absolute magnitudes’ (see p.17). In the general 
sense, ‘lst mag.’ usually means all stars brighter than mag. 1-5; ‘2nd mag.' those between 1:5 and 25, The magnitudes 
in modern catalogues are always calculated for the zenith: at lower altitudes atmospheric absorption diminishes the 
brightness, and has to be allowed for when comparing stars at different altitudes; see Table, page 42, 

Numerical Ratios of Magnitude,—On the 2°512 times basis of reckoning each magnitude, every difference 
of 5 magnitudes means a multiplication or division by 100 of the starting magnitude, thus Ist magnitude is 100 times 
brighter than the 6th; 10,000 times brighter than the 11th, and a million times brighter than the 16th, while mag- 
nitude 0-0 is 100 times brighter than magnitude 5. This “stellar magnitude” method of comparison is now used for 
other comparisons than its original one of visual brightness—as for stellar heat-radiation, and even for temperatures. 

If the stars were uniformly scattered through space, there would be 3°98 times as many stara of a given magnitude 
as in the one just above it; departure from this number (called the star ratio) indicates crowding, or, thinning out. 

The 2512 scale, now the standard, was introduced by Pogson in 1850, 2512 being the Sth root of 100, or the logarithm 0-4, 

Boss's P.G.C., 1910, employs an older aystem with a light-ratio 2291 (log. =0'36), approximately that of Argelander's 
Uranometria Nova, 184% Boss and Pogson magnitudes are the same about mag, 3°8 ; below* 3°8 Boss is fainter, mag. 60 Pogson 
being about 62 Boas, Above* mag. 2°8, Boss is brighter, Vega being 0:0, Sirius — 20, Boss ; against 0-14 and—1:55 Pogson. 

International Magnitude Sceale.—Though based on the same light-ratio, the magnitudes found at Harvard, 
Mount Wilson, Potsdam, &ec., show small systematic discrepancies, due to the instruments, atmosphere, kc, Thus for 
accurate comparisons, each must be ‘reduced’ to the soale with which it is to be compared, by means of Tables prepared 
by laborious analysis (see Harvard Annals, Vol. 14, and Astrophysical Journal, Vol. 61). The Harvard (photometric), 
and Mt, Wilson (photovisual) Scales arc most generally used, and the former was adopted (1922) as the basis of Jnter- 
national Magnitudes—a photographic Scale, Taking the stars of Type AO between mags. 5-5 and §°5, in the H arvard 
North Polar Sequence (a list of carefully-mensured stars near the N, Pole arranged in order of photographic magnitude), 
the mean International magnitude of these stars is defined as being the same as the mean magnitude of these stars 
on the Harvard visual (photometric) scale—which, for Type AO, is identical with the Harvard photographic scale. 

Visual or Apparent Magnitude is the brightness as directly estimated by the eye; when the brightness is 
measured instrumentally by the photometer, it is called the Photometric magnitude. 

Photovisual Magnitudes are obtained photographically, using a colour screen and isochromatic plates adjusted 
approximately to the light-sensitiveness of the eye; they tend to be rather brighter than the visual or photometric 
magnitudes, and are becoming of great importance as they give more uniform results, They minimise both the 
instrumental and the brightness ‘colour equation’ difficulties (see p. 17), and the photographie plate and colour 
sersen used seem to make no great difference in the results, (Red and photo-electric magnitudes, see p.17 ), 

Photographic Magnitudes are those obtained by measuring the diameters of the images on a stellar photo- 
graph, For one-half of the stars the results are accordant with the visual magnitudes, but in the other half, owing to 
the bluer stars being more actinic, and the redder atars less actinic, the blue stars photograph brighter than they are 
visually, and the red stars fainter, by an amount depending on the spectral Type of the star (p. 18). 

Colour Index (contracted, o/i) is the difference, in stellar magnitudes, between the photographic magnitude 
and the photometric (or photovisual) one, the photovisual index tending to be the greater; on the Harvard colour 
index scale, Type AO has ¢/i 0-00, ite visual and photographic magnitudes being the same, Colour indices greater than 
9°0 are probably very rare; 8 Cephei, Type Ne, has the very great colour index +5-5. Colour Index Table on p. viii. 

Photographic Magnitude minns the c/i= photometric magnitude. Photometric Magnitude plus the ci=photographic mung. 

Colour Index = photographic mag. ‘wae « Orionis, Type BO, visual mag, 1°75, plus cfi —0°31—photographic mag. 1°44. 
minus the photometric mag. | Betelgeusc, ,, MO, » Of , += = = 200 
The — indicates that ¢ Orionis is brighter, the + that Bofelgewse is fainter, than AO—photographically. 
* Teed in connection with magnitude, ‘above' means brighter than; ‘ below,” fainter than. 
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Absolute Magnitude.—Visual magnitude is no criterion of intrinsic luminosity, as many distant stars appear 
far brighter than some very near stars, Absolute magnitude is the brightness a star would have if all the stars were at 
the same distance from us; it is found by calculating what the observed visual magnitude of each star would be if each 
were placed at a distance of 10 parsees—that equivalent toa parallax of 0:1, or about 33 light-years-—which of course 
requires o knowledge of the star's distance, Conversely, if the absolute magnitude can be found by some other means, 
the star's distance can be calculated. Absolute magnitude is therefore of great importance in stellar research, as it 
enables luminosities to be compared, and gives many unmeasurable parallaxes, In absolute magnitude, asin visual, the 
‘greater’ (numerically) the magnitude the less luminous is the star, if +: the more luminous, if —. The Integrated 
abaolute or visual magnitude, of a nebula or star cluster, is that of the total light received from the object. 

The Sun's absolute visual magnitude is +4-9, roughly +5-0, A 1-parseo standard distance was in use till the inter- 
national adoption of the 10-parseo standard (1922); it had the advantage of having the Sun's absolute magnitude 0:0, 

The absolute magnitudes of Giant stars vary only one or two magnitudes (from about +1-0 to — 1-0) in their pro- 
gression from Types M to B. Those of the Dwarfs fall off a magnitude or two as each successive Type below is reached, 
until about +154, in Prorima Centawri, a red star perhaps nearing extinction, and in Procyon &, almost the faintest 
absolute magnitudes known, igel and Canopus, on the other hand, attain about — 6-0 ; Supernovm in Spirals, — 15, 

The most luminous star known is 8 Doradds, a variable star in the larger Magellanic Cloud, some 14 magnitudes, 
or $00,000-500,000 times brighter than the Sun: photogr, abs, mag, at brightest, —8°9. The Jeast luminous is Wolf 
30, a near-by star of mag, 15-5 visual, 18-5 absolute: its luminosity is only 1/50,000th that of the Sun. 

To find Absointe Mapnitude:—Abs. Mag.=visual mag. +5, plus 6 times the logarithm of the parallax, M=m+5+5 log q, 

Red Magnitude and Colour Index (Harvard photo-red, H.A,, vol. 89, p. 92; effective wave-length A6500),— 
On this system—the effective wave-length of which is halfway between the C and D lines, and about the wave-length 
at the average intensity of the visible solar spectrum—red colour index is about 30°/ greater than yellow o/i (Internat, 
photographic [7] minus photovisual [w,,] mag.): bue-red and yellow-red c/i=J—m,,, and m,,—-m,,. 

Photo-electric Magnitudes are measured by a photo-electric cell (different from the thermo-couple used in 
the bolometer); it gived great accuracy for differences between stars of the same spectral type. There is no photo 

electrie magnitude seale, as cells vary in sensitivity to different colours: (the bolometer integrates all the radiation), 

Radiometric or Bolometric Magnitude gives the total radiation emitted by a star—the light, heat, actinic 
rays, ¢tc.—using a thermo-couple or bolometer, instead of the eye, The variable stars Wire and y Cygni, at maximum, 
emit nearly twice as much radiation as at minimum, but their light increases some 1000-2000 times, 

Radiometric Magnitude is expressed on the same system as visual magnitude, and the difference between the 
radiometric and visual magnitude is called the Heat Jndex (corresponding to the photographic Colour Index), the two 
being assumed to coincide for Type AO, (See Mt. Wilson Annual Report, 1925). 

Bolometric Magnitwade, on the other hand, agrcea with visual magnitude far that Type of star whose radiation 
has maximum luminous efficiency, so that visual minus bolometric magnitude is always positive (+), or zero. The 
Type for which the visual und bolometric magnitude agree is very nearly that of the Sun (Type GO), The Sun's 
absolute magnitude is about 4-6 visual, 4°6 bolometric; radiometric, 4“, (See 4f¥., vol, 77, pp, 29 and 604). 

Combined Magnitude is the resultant magnitude of two or more stars, so close together as to appear to the 
eye (or be treated) asasingle star, It is the magnitude corresponding to the sum of each star's individual brightness, 
referred to that of mag, 0'00 taken as 1, and is found as follows (adding the two magnitudes would give a fainter one), 

A star's magnitude multiplied by -O-4 gives the logarithm of its brightness relative to mag. 0-00, 
The logarithm of a star's brightness relative to mag. 000 when divided by —0°4 gives the tmngnitude, 

Colour Magnitude is the magnitude of a star measured for each of the wave-lengths (referred to BO ay 
standard), and reduced to standard AO by theoretical black-body radintion (see H{B.848), 

Opposition Magnitude is the magnitude-of a superior planet when in opposition (p.5); the planet is then 
nearest the Earth and brightest, and (in theory) is only then seen with its dise fully illuminated. Ordinarily the term 
denotes the opposition brightness at mean distance, as a planet's distance and brightness vary at different oppositions, 
The following Table gives the approximate range of planetary variation in magnitude (see also diagram page 41). 


Planet = Max.mag. Mean oppo, Min.mag. Planat Max. Mino oppo, Min, Planet Maz Meso oppo. Min. 
Mars -28 -165 -Tl Saturn —0'4 -01l6o +089 09 | Neptune Tel 067850 TOM 
Jupiter -25 =223 -21 Uranus S65 O74 607 | Pluto 126 14 152 


Limiting Magnitude.—The Limiting Magnitude of o star catalogue—the index of its completeness, aa 
omissions become inevitable at a certain stago—is that magnitude on the brighter side of which stare omitted from 
the catalogue about equal in number the stars on the fainter side imeluded in the catalogue. 

Colour Equation: Magnitude Equation.—The first is a small correction on the magnitudes in different 
catalogues to eliminate (a) the colour-selectivity of the instruments, atmosphere, é&c., of the observatories responsible 
for them, which affects the results, especially in photographs; (b) the uncertain brightness-colour error, due to the eye, 
known as the Purkinge Hjfeet (p.42). The Magnitude Lyuation is a-aimilar small correction, to remed y the error caused 
by transits of faint stars being ordinarily registered later than those of bright stara in the same position, 


E * Approzimately that of Pollux w= 0-101, 
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Luminosity: Surface Brightness,—The luminosity of a star differs from its magnitude in being the actual 
amount of light emitted by the star, instead of the apparent amount, judged by its brightness to the eye. It depends 
on the star's diameter and temperature, being the star's area (actual, not angular) multiplied by the amount of light 
it emits per square centimetre, or other unit—i«., by its Surface Brightness. The Sun's surface brightness is taken as 
mag. 0, and a star's relative surface brightness, + or —, is expressed in magnitudes (Table, p.viii}—symbolised by J. 
The luminosity relatively to other stars is given by the absolute magnitude, or luminosity at 10 parsecs distance, 

The higher the temperature, the greater the surface brilliancy ; thus stare of the same absolute magnitude may 
differ greatly in size and surface brightness, for a low-temperature ‘Giant’ (p, 20) must have a larger diameter than 
a high-temperature B-star, to be of the same absolute magnitude, From this relationship the diameter of stars can 
be calculated, independently of their distance, from the visual magnitudes, the surface brightness being obtained from 
the Type. The diameters that had been predicted on this basis were found to agree closely with the observed values, 


Star-classification by their spectra.—Secchi in 1863-67 found that when the light emitted by different stars 
was analysed by the spectroscope, their spectra fell into four well-marked groups which graded into one another, In 
1874, Vogel modified Seechi's scheme by adding two subordinate classes to Class I; another (Wolf-Rayet stars), to 
Class Il; and including his third and fourth types aa subdivisions of the same order. Seechi’s Types are now little 
used, except historically, but for very uncertain cases the I.A.U. defines them as follows (05 was formerly Oce):— 

Tire L. O5-F6, predominant hydrogen lines. | Tyre IIL M, titaniam oxide orn Trre V. Oa-Od, bright Wolf-Rayet 
» IL F8-164, prominent motallio lines. » IV. Nand R, carbon bands, Hines, 

About 1890, Pickering introduced the ‘Harvard’ classification, now univeraally adopted, lettering Secchi’s original 
groups, with others, as in the table opposite, the various sections being spoken of as Type O, Type B, &c, Gradastions 
or intermediates are indicated by combinations of the letters with figures denoting tenth parts, Thus B2 (a con- 
venient abridgment for B2 A) denotes a spectrum nearly like that of Class B, but estimated to be two-tenths of the 
way from B to the following Class A: and O5 (= O52) means fivetenths of the way from O5 to the next Class, which 
is z, as Types W, 0, are first in sequence—the original order was A, B,C, é&e., but from later information it was 
altered, and some unneceessary letters dropped. Secchi's classes were based on visual, the Harvard on photographic, 
apectra, but on the whole they are fairly accordant, Type R waa added 1908; 8, 1922; W, 1905 (L.A.U,, recommended), 

BO is the highest of Class B (the ‘0’ is a starting cypher, not a letter), and ties sequence is O8, O9, BO, Bl, B2, 
B3,. . .B9, AO, Al, A, do.; the senle is thus a descending one, Sub-divisionsa a, b,c, &c., are used where there 
is uncertainty as to the details, but numbers are substituted when the necessary information is ihiatoed : *o"and ‘n! 
stars, however, are not subdivisions, but stars having ‘c' or ‘n' characteristics (p.19). Variable stars are now classed 
at maximum (1922). For the sub-divisions included in » “Type’ when used in the average sense, or in statistical work, 
seu next page. For details of Types O to N, see #.4., Vol.28; H.C. 145; and Draper Catalogue, 1924 (H_A., vols.,90-99), 

Early and Late Type stars denote Types B-A, sui K-M, respectively, somewhat inconvenient survivals, in certain 
respects, of Vogel's assumption that Type I stars were the youngest, and Types III and IV the oldest, before the 
Giant and Dwarf divisions (p20) were known, For the same reason, the Main Sequence is the downward progression 
of increasing redness, O, B, A, F, G, K, M—Types B, N, branching off at G; and 8, perhaps, at K5 or MO. Type W 
may be the last stage of another sequence from Nova through planetary nebula to join Type © at the other end, 

Russell Diagram :—This shows very effectively the Giant and Dwarf relationship and the Main sequenoe, the stars being 

plotted according to Type (temperature), and absolute magnitude (luminosity), By adding curves representing 
masses, the Diagram has been extended to exhibit the mass-luminosity relationship as well, 

Star Colours.—Colour ia an index to physical condition and temperature (p.21), A list of the mean colour 
of each Type, and sub-division, is given in Monthly Notices Royal Astron. Society, Vol, 84, p.22. Os to Oo are given 
as greenish yellow; B2, B3, white; AQ, pure yellow; A5, yellow; K2, orange yellow; MO, orange; R, orange red ; 
Ne, deep orange red: intermediate types merge into the next colour. Colour also aifecta twinkling, as explained on 
page 38. The components of many double stars exhibit the curious phenomenon—sometimes merely optical—of 
being complementary in colour—orange and blue, or crimson and green, &e: for examples, sce Notes Star Charts. 


Relative Numbers of different Types (Shapley)—Of the 225,000 stars, to about mag. 10, in the Draper Catalogue, only 
some 2000 are of other types than B, A, F,G,K, M. Nearly 60,000 are brighter than about mag. 84: 20,000 are essentially identical 
with the Sun, and 95 per cent are probably within 3000 light-years of us. A and K are most common in the Milky Way. 


Type sid 0 E A F G E M N R 5 
Types included eo (BOBS) (BRAS) (A5-FE) (75,00) (G5-K8) (ROMS) ss ss = 
No, of Stars oe 3,567 64,259 21,120 46,552 73,208 13,864 


25 267 10 167 354 78 


ages to 2 Mag. ie 10-3 305 104 a9 301 81 ose oie aie 
&, 
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The Harvard (Draper) Spectral Classes.—The Table below gives the salient features*: the Roman numerals 
indicate Secchi’s Classes(p, 18). The temperatures are those for a ‘black body’ (p. 21), and are more or less approx- 
imate, those below Type G (Sun=G0) being probably rather low. For the Radial velocity of ench Type see page 21. 
Be, Me, Se, Oc, dc., stars denote B, M, 8, O, ce. stars having bright emission lines (see p. 25). 

‘Type B,' ‘Type A,’ &e., when used in the general sense, or in statistical work, does not usually mean the series 

BO to B9, or AO to.A9, but an average Type, in which AO, BO, &c., are approximately central, including the latter half 

of those lettered in the Type earlier, just as "2nd. magnitude’ is not 20 to 2-9, but 1-5 to 2-5, or | ‘6 to 2°5, Shapley's 

Table, opposite, indicates an (approximate) usual basis, but there is no definite rule; some begin Type B with O5. 

VI. Trre W. Wour-Raver Stars (at present in Type 0). Continuous spectrum with many strong emission bands due to atoms 
pyran of high ionisation potential: most important /fe.1, 11, associated in a nitrogen sequence with Wm, rv, ¥ 
(Type W); or in a.carbon one with Cm, mm, 1v(TypeW ’) O11, m1, tv, ¥: typical stars, WS, HD. 187,252, W6, 16,523. 
V. Tyre 0, Wotr-Raver Stans (Greenish-white), Very high temperatures, large masses and velocities: bright bands in their 
spectra indicate connection with planetary nebulm and final stage of Novm. All in Milky Way, or Magellanic 
Clouds. Subdivisions Oa, Ob, Oc, Od (Wolf-Rayet stars proper}; and Oo, abolished 1928, 05-00 being aubsti- 

tuted, with Wolf-Rayet hands described by affixing a, b,c, d,as Oeb. (35,000° K., 62,000° F,), » Velorum. 

L. TrreB. Ontos or Hence Stans (Bluish). Helium lines prominent: very brilliant and hot: large masses; mean density 
1/10th Sun's. Verydistant: small proper motions and mean velocities: strong Galactic concentration ; brighteat 
mostly belong to Local Cluster; great globes of glowing gas. (25,000° K., 44,000° F.). « (BO), 4, £ Orionis; § Crucis. 

Type A. Smay or Hrprogey Stans (White). Balmer Hydrogen lines very intense, Helium absent. Most namerous Type 
after K. Predominate in low galactic latitudes, Greater proper motions than B, (11,000° K., 20,000" F.), 
Sirins (AO), « Andromeda, 8 Carin. 

Tyre F, Statax-Sonan or Cancrom Stans (Yellow-white), Calcium H and K lines very prominent: Hydrogen lines much 
less intense, motallic lines incrense. Much leas numerous than A, but includus majority of known binaries, and 
large-proper-motion stars ; little Galactic concentration, (7500° K., 12,200°".). Canapwa (FO), + Hoot, a HHydrt. 

IL Tyre G. Sotan Stans (Yellow), Hydrogen lines narrower and still less intense ; Hand K calcium lines prominent, and 
many fine, dark lines in spectra. Density of Dwarfa-about 14 times thet of water. Move more rapidly than 
preceding types. Little Galacticeoncentration, (6000° K., 10,000" F,). Sun, Capella, (G0); a! Centauri, § Hydrt. 

Tyee K. Ancrontax or Rep-Sonar Stans (Orange-yellow), Hydrogen lines fainter, hydrocarbon bands appear; density of 
Giants about 1/10,000¢h Sun's: most numerous type, predominate on the whole in low galactic latitudes, 
(4200" K., 7000" F.). Arcturus (KO), « Uraee May.; « 8, Indi. 

IIL Trre Mf. Awrartan Stans (Orange), Spectra like that of the Sun, but with broad titanium oxide and calcium bands or 
flutings, Density of Giants less than 1/20,000th of Sun's; of Dwarfs, greater than Sun's. Very distant: higher 
mein velocities than B to K, in all directions ; widely scattered. Fainter stara show a preference for the gnlactic 
centre (Sagittarius region). Sub-classes were Ma, Mb, Me, Md (bright lines): Md wan abolished 1922 (the 
‘emission’ sign ‘o’ suffices}, the others were made MO, M3, MB. (3000° K., 4900°F,). Betelgewse(MO), Antares, Mire, 

IV. Tyre 8, Cannox Srana (Deep orange-red). Peculiar band spectra like those of comets and candle-flames, due to carbon com- 
pounds; two-thirds in or near Milky Way. Probably in a branch sequence, G, R, N, Sub-classes Na, Nb, (made 
NO and N3, 1922), and No, the deopest red of all the stars (ns 5 Cephet). (2600° K., 4200°F.) F Canum Ven,, 

Typn P. Used for gaseous nebulac. (For details see H.A., vol. 28). [U Hydra, 19 Piscium. 

Tyre Q, Used for Novae. Divided meanwhile (1928) into Qa, Qb, Qe, Qd, Qu, Qs, Qy, Qs; the last has weak Wolf-Rayet 

bands, but, unlike those before-it, no bright hydrogen lines. (See page 42; and Trans. LA.U., 1922, 1928). 

Tyre BR. (Orange-red), Carbon bands; visually resambles N, but photographically different, blue.and violet being brightor; 

not so red as Mor N: brightest, mag. 7, Probably joins main sequence at G, the branch sequence being G, R, N. 
Added 1908 (H.€. 145): mostly in N previously, (2300°C., 4500" F.), B.D. —10" 5057 (RO), C.D.— 24° 12084. 
Tyes S. Redstars, Mostly long-period variables; very complicated spectra, bright hydrogen lines, absorption and emission 
lines, and some zirconium oxide absorption bands; perhaps a branch from KS or MO, Added 1922; mostly in 
N previously, (See a list Jt, W. Contr. 252). ... ah aay wi Gruis, A Andromeda,  Cygni 


Notation for Peculiarities.—There are two sets of notations, one prefixed, the other affixed to the Type; 
‘earlier’ means in the Type B direction’; ‘later’, in the M direction, (The letters may be combined, as OGk.) 
Prefized. (Bee full list and details Tr, L407, 1002, 1004), Afimed—conidl. 
e All lines normally narrow and sharp (p.30) ; later than BO, ew Wolf-Rayet emission lines or bands: conspicuous, ew! 
hydrogen lines and enhanced lines abnormally strong. k Stationary hydrogen and calcinm lines, 
g Giant Stars. Enhanced lines fairly strong; low-temper- Lines unusually wide or diffuse. 
ature lines relatively weal 3 Aydrogen lines spies see Peculiarities: symbol of the element moat affected in, 
d Dwarf Stara, Enhanced lines weak, some calcium & titanium Remarkable, [parenthesis: unidentified linea ‘Un."), 
(og Not used enrlior than BO; ‘g' and ‘d' than ¥o,) [lines strong. F 


n 
P 
! 
‘Atieed. q Absorption line on the violet side (with e). 
« Bright emission lines, except in P,Q: remarkable, e! s Lines sharp, but ‘o’ characteristic not present. 

eq do, ; with absorption line on the violet side, v Inditates a variable spectrum, 

er do + bright linea conspic’sly ‘reversed’, dark centre. [ ] Forbidden lines; symbol of element in square brackets, 

em Bright hydrogen & fairly conspicuous bright metallic lines, 

* ‘Types C, DH, &e., of the original scheme were found redundant. 
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Giant and Dwarf Stars.—Spectral type indicates the temperature; temperature regulates the surface bright- 
ness; and the surface brightness of a star multiplied by its area gives the luminosity or total amount of light emitted. 
This, again, regulates the absolute magnitude. Hence, when two stars of similar Type have different absolute mag- 
nitudes, they must have different light-emitting areas, and diameters. Thisis well shown on a Russel] Diagram (p.18). 

Analysis of absolute magnitudes shows that on the one hand there is a continuous series of stars from Types M 
to B, with increasing temperatures, which have great and fairly constant absolute magnitudes, ranging from about 
+10to —2°0, or about three magnitudes. On the other hand there is o reversed series from A to M, with decreasing 
temperatures, and absolute magnitudes falling off a magnitude or two as each successive Type below is reached. 

Stars of the increasing-temperature series are known og (ftants, those of the decreasing-temperature one as Dwarfa, 
because the Giant M-stars must have enormous diameters to appear os bright os they are with their low temperatures, 
while the Dwarf M-stars must be small in dinmeter to appear as faint os they are, with similar temperatures. These 
names, however, only apply literally to the M or late K stars of the two branches, as the difference in diameter be- 
tween each branch continually leasens with ench step forwards or backwards towards A and B, until, in these Types, 
the members of each series cannot be distinguished: from FO, however, Giant and Dwarf stars are known by their 
‘enhanced’ and ‘low temperature’ lines (p. 25), the Gianta having a lower temperature than the corresponding Dwarfs, 
which are bluer, The Dwarfs greatly out-number the Giants; the cooling stage probably lasts much longer. 

Super-giante are about 1000 times brighter than the Sun, with absolute magnitudes greater than about — 2-0, 
like Betelgeuse ; mean VW (abs. mag.) about -2-7, Sud-gionts,o well-marked group, average about 10 times the Sun's 
brightness, with mean M= 42:5. 

The White Dwarfs—exceptional stars like the companion of Sirius (Siriue B)—are stars of high temperature, 
yet ao very faint, in proportion to their distances, that their diameters must be of planetary size, and their average 
density almost incredible—some of them millions of times that of water, their largely electron-stripped atoms being 
packed enormously closer than in the matter we know (see below). Being so faint, only the nearer ones can be seen, 


Stellar Evolution, —These facts suggested the Hertzprung-Russell theory, that a star begins its visible life as 
a diffuse low-temperature M-giant. In accordance with ‘Lane's Law'—that a gaseous body radiating heat, and con- 
tracting under its. own gravity, must get hotter as long as it behaves asa perfect gas—the stur gradually rises in tem- 
perature, and eo passes into successive higher Types. At last a Type is attained—determined by its mass (see below). 
—at which radiation balances the enorgy supplied by contraction, and the star therefore begins to cool, and, entering 
the ranks of the Dwarfs, passes downwards through the same Types again to invisibiliy. 

This theory, while it offers a very simple explanation of the Type-gradations, by no means explains all the facta, 
and from the phenomena of Nove and White Dwarfs, it is now suspected that change of Type may be of a catastrophic 
nature, due to the collapse of a star. 

Mass-Luminosity Law.—lIf atara are plotted according to mass and absolute magnitude (luminosity) they lie 
along a smooth curve on the whole, mass+ luminosity being practically a constant (except White Dwarfs). This mags- 
luminosity relationship enables star masses to be approximately caloulated fram the apparent magnitude and luminosity. 
A star's mass seema to determine its temperature, for only those of great mass attain Type B, and those of very great 
mass Type O. It now seema certain that as a star grows older its mass decreases, mass being converted into energy, 

Period-Luminosity Curve,—Many stara vary in brightness, some irregularly, others in more or regular periods 
A certain type of these, known as Cepheids (p. 12), have the peculiarity that those of a given period have practically 
the same absolute magnitude (luminosity); the longer the period, the greater the absolute magnitude. The visual 
magnitude of a Cepheid star, of known period, will therefore give its distance. This property of Cepheids is of 
great importance in measuring the distance of extra-galactic objects, but the reason for it is not yet known, 

Star Masses are only known directly in the case of binaries, the average binary system haying about 1‘8 times the 
Sun's mass (contracted, 1:8 ©); halving this, gives the average individual star mass as 0-9, or nearly that of the Sun 
The mass of non-binary stars is roughly calculable from maas and luminosity, see above, 

Masses five or six times that of.the Sun are not common, and no mass less than that of Kruger 60n, 1/6th of the 
Sun's, is known. The greatest known masses are the components of a mag. 6 OS binary, Plaskett's Star (A7_D, 47,129, 
combined absolute mag, —6°3), at least 158 and 115 times the mass of the Sun, 

Star Densities. —Those of Giant M-stars are very small, less than that of air, being only some 1/10,000th to 
1/20,000th of that of the Dwarf Bun, which is 142 times that of water; Antares has no greater average density than 
the vacuum in an electric bulb, To make up, their diameters are of the order of 100 to 500 million miles (see p, 21), 

The White Dwarfs are at the other extreme; Van Maanen’s Star, absolute mag, (visual) 14-4, is found to be about 
the size of the Earth, and some 300,000 times as dense as water—20 tons per cubic inch, A.O,+70° 8247, a 15th 
mag. 00 star, is half the size of the Earth, and 36 million times denser than water=620 tons per cubic invh | 
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Star Temperatures.—Spectral Type is chiefly a temperature phenomenon, and stellar temperatures can be 
measured by analysis of the ‘energy distribution’ in their spectra—that is, by ascertaining the point at which the 
intensity is greatest: the further the maximum intensity is towards the violet end, the higher is the temperature. 

A star tamperature so found, however, is not that of the interior (which in the Main Sequence is of the order of 
30 million degrees K.), or of the surface, but is what is called the Black Hody or Effective Temperature, which may be 
defined as the temperature of o “perfect radintor’ (say that of a sheet of lampblack, the nearest approach to it) which 
sends out the same amount of radiation per unit of area as that emitted by an equal area of thestar. This is based on 
‘Stefan's Law'—viz:, that the total radiation ia proportional to the 4th power of the absolute temperature (see below), 
multiplied by a constant depending on the nature of the radiating surface. For the approximate effective temperatures 
of each Type, see p.19. The White Dwarfs have central temperatures of the order of 15 million degrees K ; the M 
Giants, only a few million degrees K, The lowest effective temperature known is about 2000°K, 

The Colour Temperature of a star is determined from the distribution of intensity in the continuous background 
between the lines of its spectrum: it is al ways higher than the effective temperature based on the total radiation : the 
difference increases with the temperature. The average Colour temperature of the AO stars (18,000°K.) is the zero. 

The Absolute Temperature is the temperature above Absolute Zero, the temperature of a gna containing no hent, 

— 278°C, (—460°F,), usually stated in degrees ‘K * ( Kelvin), which is the ordinary Centigrade temperature pins 273" 0, 
To convert K* into Centigrade degrees, subtract 273"; into Fahrenheit,* multiply by 0, divide by 5, and subtract 460°, 

Opacity and Radiation Pressure are factors of great importance in the theory of stellar interiors. The first is the realnt- 
ance of the gaseous material to the outward flow of radiation—hydrogen, the lightest element, offoring least resistance + the 
opacity of the highly-ionised atoms in stellar interiors ia very great, Radiation Pressure, the momentum of radiant energy, and 
proportional to the 4th power of the absolute temperature, is very great inside a star, and largely contributes to the support of 
the super-incumbent matter, It also seems responsible for comets! tails; as the weight of spheres diminishes as the cube, 
and their projected areas as the square, of the diameter, for exceedingly small particles in the comet, when near enough to the 
Sun, a point is reached at which radiation pressure oxcueds the gravitational pull, and these particles will be repelled from the Sun, 


Star Diameters,—The angular diameters of the atars are far below the limit of direct angular measurement, 
but, in 1921, interferometer measures showed that Botelgeuse, Antares, Arcturus, and later, Aira, have angular 
diameters of 047", 041", 022", and -056", corresponding to 217-, 400-, 210-, and 125 million miles respectively, less or 
more, according to the parallax adopted. (‘The mileage for any parallax may be found by the simple rule given below), 
Hetelgeuse, however, apparently pulsates, varying from 0-034 to 0047, Stellar diameters can also be ealoulated 
on the basis of surface brightness and visual magnitude (see *‘ Luminosity’), 

The diameters of White Dwarfs-are of planetary size, Sirius 3 being rather smaller than Neptune; and A.C. + 
70° 8247, roughly half the size of the Earth. 

Diameter in Miles.—Multiply the angular diameter in seconds of are by 93,000,000, and divide answer by the annual parallax, 
"w Kilometres,— Ls in 1) H ) 150,000,000, Li it Hi Hi " 

Stellar Rotation.—In some spectra all the lines are equally wide, mostly faint, and fairly sharp-edged; the 
metallic lines being wide, the Stark effect cannot be responsible. The wide lines are interpreted as being due to the 
star's rapid rotation, the widening being the effect of the lines produced by each limb, which are displaced in opposite 
directions. The most rapid rotation yet found is that of Altair, 260 km./see. (140 m./sec.), which rotates in about 
7 hea, althouch its diameter is about 1} times that of the Sun, Smallest velocity detectable, about 30 lem. /seo, 

Star Velocities are best known from the radial velocities, found by the spectroscope with considerable accuracy: 
it gives the minimum-possible value for the ‘space’ or real velocity, which, in general, is greater, but is known less 
accurately, tts other factors of parallax, proper motion, and solar motivn, being more or less uncertain. The space- 
velocities cannot, however, differ greatly from the radial ones, unless the cross velocity is relatively great. As croas 
velocities, on the average, apparently do not differ greatly from the radial ones, the average space-vel ocity may there. 
fore be taken to be of the order of 14 times the radial velocity, &¢. the approximate resultant of two equal velocities 
stright angles. Velocities are expressed in kilometres or miles per second (contracted, ‘km./seo.’, m,/sec.). 

The majority of star velocities are under 30 kilometres (19 miles) per second, those of 50 km, (31 miles} are not 
common; but there are notable exceptions, RZ Cephei having the enormous velocity of 1100 km. (680 miles) per second, 
This is far surpassed by the spiral nebulm, which seemingly apeed through space with velocities approximately pro- 
portional to their distance (about 500-550 km, /secs, or 310-340 m, /sees. per megaparsec), up to 200 million light-years, 
or more, for which the corresponding speed is some 2650 million kilometres (1650 million miles) per day (Table p, xi), 

On the average, velocities tend to increase with ad vancing Type, as shown by the Table of approximate average 
radial velocities (Campbell, dbo, )bolow : the velocity also increases as the absolute magnitude increases, ‘The velocitics of 
the few R stars known, fall into three groups; under 10 km, /see., about 40 km. /sec., and high velocity 250-380 km, sec. 

Radial Velocity:— Type 0 B A F G K M Me N R Se P 
Km,persec. .,  25}km. 6hkm. 1km. ldjkm. 15km. 16fkm, I7lm, S35km, 18km. 1km. 24 ken. 30 km, 
Milespersec, ... 16miles 4m. Tm, Om 9m. lim lm 22m. lim 13m 15m. 184 m. 

Mean ahs. mag. (Dwarfs) aie bh. ae +20 +44 +602 498 «., <— a aes | (gamete 

» oo» (Giants) —O6 403 0 $060 6-000 -05 6(-155) (—15) (40-4) nebuimy 
* Approximutely, within 82", 
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Stellar Equipartition of Energy.—While there are considerable differences in the velocities of individual 
stars in each ‘Type, stars of low velocity, on the average, have large masses, and those of high velocity sroall masses, 
The kinetic energy of each star—the velocity squared multiplied by half the mass—is also, on the average, approxi- 
mately a constant quantity. ‘This has been shown to result from the inter-action of the stars on one another over 
enormous periods, The B stars, however, do not conform to the rule, 

Light-Absorption in Space seems to be almost negligible, as the distances derived from the brightness and 
diameter of the remotest spiral nebulm are fairly accordant, Within our System, however, especially near the Galactic 
plane, evidence favours aslight absorption, which reddens the stars—ie,, lessens their maximum intensity, displacing it 
nearer the red than the normal for their Type—making absolute magnitudes less than they should be, and distances 
derived from them too great, For 0-7 mag, absorption per 1000 parsees, at 500 parsecs the real distance would be 1474 
less than the apparent; at 1000 parsecs, 24% less; at 5000 parsees, 567/ leas; but Inter evidence favours a smaller absorp- 
tion, 0-40 mag. per 1000 parsecs being the moat probable for uniform interstellar absorption in the Galactic system. 

Colour Excess is the greater redness of a star (or external galaxy) over a normal star of the same spectral Type; 
it implies some special factor, such as giant and dwarf difference (p, 20), or space reddening. 


IV. SPECTROSCOPY. 
has now become of such far-reaching importance in astronomical research that some knowledge 
of its salient facts and terminology has become a sine qua non for understanding the differences between the various 
Types of stars, and the references in current astronomical literature, A similar knowledge of the atomic changes 
giving rise to the various spectra is also useful: the following brief outline may help those unfamiliar with the subject 
Light ia supposed to be due to undulations or waves in a (hypothetical) light-transmitting medium known asthe ether; these 
light-waves are of infinite variety in their crest-to-crest or ‘ wave-length’ distances, some being exceedingly short, others. com- 
paratively long, but the eye only perceives those within narrow limits. The shortest wave-longtha visible produce the sensation 
of violet in the eye; thoaa about twice as long, the sensation of red ; those of intermediate wave-length give the sensation of 
blue, green, yollow, orange, &o, ‘The light from an object is analysed by passing it through o slit in the spectroscope 1/500th to 
1/1000th inch wide, then either (a) through a prism or prisms; or () letting it full obliquely on a finely-ruled ‘grating’: in both 
eases the narrow beam of light is spread out, or ‘dispersed,’ either into a long coloured band, or, for some kinds of light, into a series 
of separate hair-like coloured lines, (a) forms what is known asa primatic spectrum, in which the wave-length at the red end 
are much less spread out than those at the violet end; (b), a normal or diffraction spectrum, in which the dispersion is mniform 
throughout, and spreads out the red end to better advantage than » prism does ; the loss of light in gratings, however, ia so 
considerable, that they cannot be wed for faint spectra. The narrower the slit, the purer, but fainter, the band spectru 
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MN. ‘Normal! or ‘ Diffraction” apectrum; dispersion uniform, P. ‘Prismatic’ spectram, samme length: small dispersion red end, large at vlolet end 
*A \7594, Tellurie | © X6563, Hydrogen, Ha) Dy 6890, Sodium | E5270, frond Ca, | F 4801, Hydrogen, He | H 8068, Calcium 
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Angstrom Units,—The crest-to-crest distances, though very minute, can be measured with great accuracy, and are expressed 
in Angetrom Unite (contracted, A.U., or angetroma}—each 1/ten-millionth (10°) of a millimetre, or a 'tenth-metre sym bolised 
by the Greek letter } (denoting Ang. wave-length), followed by the number of ten-millionths from crest to crest.t 

The International Primary Standard wave-length to which other lines are referred, is 4384008, the wave-length of a red 
line emitted by gascous cadmium, and units on this basis are designated ‘TA.’ (International angstrom), as the original A.U. was 
slightly over-valued. There are ‘Secondary’ and * Tertiary’ standards, using the lines of other clementa. (Bee Tr. [AL 1922-28), 

The Greek letter « is sometimes used instead of 4, especially for the longer wave-lengths, indicating that the fgures are in 
¢housandths of a millimetre (microns) instead of ten-millionths; «x, or millionths of a millimetre, are also sometimes used, Thus 
a O°€4384606 — au 643 S4Q06 26438-4008, Ain used ns the plural oft, (=x 10,000; »—’+10,000). 

The Visible Spectrum ranges from about 43000 in the extreme violet, to 47600 in the extreme red, but tt has no definite 
limits, as eyes vary in sensitivity, Unaeen, beyond the violet, is the witra-violet spectrum, of ever-shortening wave-lengths, 
recorded by ordinary photographic plates up to about 42000, and by apecial apparatus to 4150, Beyond the red, also unseen, is 
the infra-red, of ever-lengthening wave-lengths, sometimes called the ‘heat epectrum’; it is traceable to 412,000 by special 
photographic plates, thereafter by other means, to the limit of the solar spectrum, about 00,000—but there are wave-lengthe 
far longer and shorter than these limits. Oxygen in our atmosphere, and an ozone layer high up, absorbs all radiation from outside 
shorter than 42900, except Cosmic; in the infra-red, less than 1% of the solar radiation is of greater wave-length than 440,000 (4). 

Conventional Divisions of Wave-length (boundaries indefinite, each kind gradually merges into the next : A=angstroms). 
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The Effective Wave-length of a radiating body may be stated generally os the wave-length at its average intensity, for 

dafinad conditionsa—visually, photographically, &c,—the wave-length at which the amount of euch radiation is equal on each side. 

* Fraunhoter’s letters run from red to violet ; violet to red is now preferred—wave-length order. + Frequency is aleo ueed—the number 
of undulations per second. 


SPECTROSOGPY. a4 


Emission and Absorptica Spectra.—An incandescent solid, liquid, or gas under AigA pressure, gives what is called a con- 
tinuous spectrum, when the light it emits is passed through the prisms of the spectroscope. In other words, it emits light of all 
ware-lengths between the deepest red anid the deepest violet. Under ordinary pressures, however, each elomentary aubstance in 
the gaseous state emita, when excited, only certain definite wave-lengths peculiar to itself, the reat of the spectrum being missing ; 
in the spectroscope these appear, when a narrow slit ia used, asa series of isolated hair-like bright coloured lines, forming an 
‘emission ' or bright-line spectrum, and the appearance of these particular lines always indicates the presenoe of that element, 

Oo the other hand, each element in the guicous state cuts out or absorbs, from continuous-spectrum light traversing it, the 
identioal ware-lengtha that if emits when excited, eo that in the spectroscope, the light seen after the absorption ia no longer 
continuous, but broken up by a series of hair-like dark lines (the image of the slit) where the abaorbed wave-lengths are missing. 
These dark lines oecupy the same positions aa the bright lines of the emission spectrum, and ore called absorption fines; they not 
only indicate the presence of the element, but alao tell thut it is at a lower temporatare than the light-source behind it, aa absorption 
only takes place if the emisaion of the abaorbing substance is leas than that of the emitting anbstance behind. Absorption lines are 
aluo found in the ultra-violet and infra-red. Many elaments are represented by hundreds of linea—sometimes thousands, as iron. 


Fraunhofer Lines.—The dark lines of the solar spectrum are called after Fraunhofer, who re-discovered them in 1814, and 
lettered the most prominent ones as in the Table above, which also gives the corresponding element and wave-length : (L),(M), &e., 
in the ultra-violet, were added later, and the original (H') and (H"*) re-lettered (H) and (K). But as the same letters are also 
used for star Types, and as chemical symbols for elements, to prevent confusion the 1.A.U. recommended as follows, in 1922 :— 

Letters denoting Fraunhofer lines in astronomical works : should be printed in ordinary Roman capitals, in parentheses, 
" » Chemical Symbols i” " = i mn talc capitals, 

The (H) Fraunholer line (calcium), must not be confused with Wa, 43, H+, 18, &c., lines—so lettered by Vogel—which denote 
the * Balmer’ series of hydrogen lines belonging to the normal hydrogen spectrum (only four appear in the ordinary solar spectrum); 
other ‘series’ of hydrogen lines appear under different conditions, Hy is 44340; Ha,X4102, b, (45173) is magnesium. 

Telluric or atmospheric lines in the spectrum as(A)},(B), oxygen; and (a) water vapour (\ 7185), result from absorption by the 
oxygen and water vapour in our atmosphere, and have no place, or only a very faint place, in spectra belore they reach the Earth, 

Bands, groups of very close lines—one aide sharp, the ‘head'—in low-temperature spectra indicate a molecular spectrum, Le., 
ont produced by molecules, atoms of two elements chemically combined ; the ordinary spectrum is that of the normal or neutral 
atom (see below). A jfwted spectrum is one that has recurring groupe of lines or narrow bands, giving it a fluted appearance, 

Flame, Are, and Spark Spectra.—The lines produced by each element are not the same under all circumstances, being 
changed or modified under different conditions of temperature, pressure, &c,, eapecially the former, The Flame, Furnace, or low- 
temperature spectrum given in a Bunsen burner (some 2000° C.) has comparatively few lines, and differs in some respects from 
that of the Are spectrum obtained in the electric arc at a temperature of some 3000°C., in which new lines may appear. The 
Spark spectrum, again, produced by high tension discharges, has different characteristics from that of the arc one, some ‘ low- 
temperature’ lines, that have been fading as the temperature rowe, disappearing altogether, while other lines aro ‘ enanced!' (p. 25), 
that ia, have grown more intense. Spectra can be studied up to temperatures of some 20,000°C., by electrically-exploded wires, 


Doppler Effect, or the displacement of the lines as the result of motion of the light-source in the line of sight, is of great 
importance, as it enables radial velocities and rotation periods to be found, and spectroscopic binaries to be discovered. Ifa 
source of light is approaching the observer, any lines seen in its spectrum will not be in their normal positions, but some distance 
nearer the violet end of the spectrum, or if the light-source is receding, nearer the red end of the spectrum. As the diaplacement is 
proportional to the velocity, the radial velocity can be calculated by identifying a series of lines and measuring the amount of shift, 

In the case of # binary star, each star produces its own set of lines; when both stars.are in the line of sight, the two seta 
are super-imposed and appear as 4 single set, there being no orbital radial motion towards us, as their motions are at right angles to 
the ling of sight. But when the stare open out again, one star is moving towards, and the other away from us, so that the two 
sete of lines separate in opposite directions, and reveal the duplicity, and the respective orbital radial speeds; the aume principle 
applies to the opposite limbs of the Sun, of a rotating planet, or of a star (p. 21), one of which is moving towards, the other from ts, 

Interstellar Lines—Sometimes in Novw, and in O- and B-type binaries, which are very distant, a third set of practically 
stationary lines of calcium and sodium appears. These lines are now known to result from the presence of interstellar matter, 
uniformly distributed, in general, through our System, and which rotates practically with the Galaxy: in stars nearer than say 1000 
parsecs, it does not reveal its presence, because their light does not traverse a sufficient length of the absorbing medium to produce 
a perceptible effect, The more distant the star, the stronger the lines, which property can be used to find the star's distance (p:14}, 

Zeeman Effeet.—If a magnetio field is present, lines normally single may split wp into two or more lines—from which the 
polarity of sunspots, and the position of the Sun's magnetic axis are found. 

Stark Effect—The splitting up of lines by an electric field ; those of helium and hydrogen are greatly affected, those of 
the metals but little; thus it can be distinguished from the Zeeman effect. The hazier the helium and hydrogen lines, the 
stronger is the electric field, and the more prominent the forbidden lines ; also the denser the stellar atmosphere must be, to 
give the electric feld required to allow the forbidden lines to be produced in quantity, (See also Stellar Rotation, p. 21). 





The Atom and its Properties.—The varied stellar «pectra, and most of the above ‘effects’, are due to internal changes in 
the atoma of the elements in the stellar atmospheres, under different temperature and pressure conditions; the following main facta 
underlie the various phenomena, on the Rutherford-Bohr theory; which explains them well, though not completely, 

The atoms of an element are the smallest particles distinguishable by chemical means; those of each element differ in weight 
and properties, but all are built up of the same fundamentals—protons, electrona, and energy. Each proton (ia. hydrogen nucleus, 
seep. 24) has a constant positive charge of electricity; and each electron (mass only 1/1847th that of the nucleus), an equal negative 
charge. In the normal atom, these charges balance, and there being no electric field, in this condition it is called a neutral atom. 
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The Structure of the Atom.—Atoms are pictured as miniature sun-and-planet systems, the atom of each element being 
supposed to consist of a nucleus (extremely small, even compared with the tiny atom, and itself composed of protons and neutrons, 
see below), positively charged, and surrounded by one or more ‘shells’ (orbits) of electrons: each electron carries a single 
hogative electric charge, each orbit only one electron, 

In its normal (non-ionised) state, an atom ia not charged with electricity, henees the number of unit positive charges (protons) 
in its nucleus is equal to the number of electrons which surrownd it; this number is called the atomic number (different from 
the atomic weight or masa of the clement), and determines its chemical properties, Elements range in atomic number from 
1 (hydrogen, the simplest, with one electron) to 92 (uranium, with 92 electrons revolving round the nucleus). 

The K-ring, &c.—The electron-orbits are spaced in groups, each member of which has about the same energy and diameter, 
but may differ in eccentricity, ‘These groups are known as Aings—usually, more appropriately, as sells, because the members 
of each group presumably move in different planes, their diameters being about the same. 

The group nearest the nucleus consista of two orbita of equal energy known as the A-ring, which has the lowest energy of 
all the rings ; next comes the L-ring, with eight orbits ; then the W-ring, with 18 orbits, and so on ; the outer ring of an element's 
electrons may contain only one electron, The chemionl and spectroscopic quantities of an element are largely determined by the 
number of electrons in its outermost layer ; these are alao the most easily ‘excited’ or ‘jonised' (lnocked off, see below). 

Collisions.—The atoms of a gas, under the action of the heat which it contains, rush about at very high speeda—to which gas 
pressure is duc—nand are incessantly colliding; the higher the absolute temperature (p. 21), the greater their speed, and the more 
violent the collisions, In a rarefied gas—i.e, one ot a very low preasure—the journey without any collision, or free path, of the 
atom is long, the distance between the atoms being relatively great ; collisions are therefore less frequent than in o dense gaa. 

Molecules.—At ordinary terrestria] temperatures, gases donot exist as single atoms butas molecules, composed of a pair(ormore) 
of atoms in combination, either of the same or a different element ; when the temperature rises sufficiently, however, molecules ure 
digociated—t.c., revolved into single atoms —few exist even at the lowest stellar temperatures. The speed of the molecules compos- 
ing a gus is proportional to the square roots of :-—/( a) their molecular weight, inversely, (6) the absolute temperature, directly; the 
lighter the gas, and the higher the temperature, the greater the velocity of the molecules—each gas having its own velocity for a 
given temperature. Left to themselves, the molecules would dissipate into space, but on a sufficiently massive body, the gravita- 
tional force retains them with o force depending on the body's mass and radius—an important factor in planetary atmospheres. 

Tha Velocity of Zscapa ia the velocity at which » planet's masa ceases to be able to retain a gas (p25). Hydrogen, the lightest 
element, is lost first, then helium, water vapour, oxygen, nitrogen; carbonic acid last, but at velocities no greater than a quarter 
of the velocity of cackpe, gasea dissipate into space rather rapidly. For the velocities of escape, see p. vill. 

Quanta.—The energy component of an (‘ excited,’ see below) atom is stored up in (popularly) ‘eneryy-stoma, which cannot 
be sub-divided. Each of these is known ns a Quatuns (plural, quanta), and represents energy equivalent to that of radiation of 
some particular wave-length, quanta of long wave-length having small, those of short wave-length great, energy, (Short and long 
wave-length, as general terma, denote those at and beyond the blue and red ends of the spectrum, respectively). 

There are quanta corresponding to all wave-lengtha, each element having its own particular quanta of energy, corresponding 
to those wave-lengthe of radiation which its atoms emit or absorb under different conditions: only quanta with nearly these wave- 
lengths can effect ‘transitions’ in that kind of atom, but those of shorter wave-length may ‘ionise’ the atom—iz., knock off one 
or more of its electrons (see below), The amount of short wave-length energy in a gas depends on its absolute temperature; thus, 
at high temperatures, short wave-length quanta are more plentiful than long ones. To sum up; in a stellar atmophere :— 

Temperature is an index of (#) the number of atomic collisions per second, for a given pressure; (b) the speed 
of the atoma; (¢) the violence of the collisions; (d@) the proportion of short wave-length energy. 
Pressure only affects the frequency of the collisions, by increasing or decreasing the distance between the atoms. 

Transitions.— When all the electrons of a neutral atom are revolving in the orbits nearest the nucleus, the atom is said to 
be in its dowest energy or grownd (normal) state, But (a) by a sufficiently violent collision with an electron or another atom, or (5) by 
encounter with, and absorption of, a quantum of energy of wave-length the same as one of its own fundamental quanta, an 
atom taay undergo transition, being ‘raised' or lifted to a ‘higher level '—ie., of energy, and from that, it may be, to still higher 
and higher levels, the electron being forced out into an orbit of larger diameter, in accordance with certain laws, JS orbidden 
transitions are those forbidden by these lawa, though they may occur in certain unusual sequences or steps, 

Exeitation.—At every transition of an electron toa larger orbit, a quantum of definite wave-length is absorbed by the atom, 
which ia then said to be areited: it thus beoumes a greater and greater reservoir of energy ns the excitation increases ; whatever 
the amount of excitation, however, it still remains a ‘neutral’ atom, 

If left undisturbed, an excited atom ‘faila' back to its lowest energy state in a hundred-millionth of a second, emitting 
in the process as many quanta of the same wave-lengths as it bas absorbed ; the process may be accomplished in stages. 
Certain transitions, however, are metestahle—that is, if left to themselves, excited atoms in that state may continue in it 
for hundreds of thousands of times longer than ordinary excited atoms are able to do, sometimes even for seconds, 

Ionisation.—An electron of a neutral atom may Tot only be raised to a larger orbit, but may also be completely knocked 
aff, and left to travel on its own account; the atom is then tonised, and is no longer neutral, but positively charged, the negative 
electron being lost. Lonisation may be caused (a) by @ sufficiently violent collision ; (6) by encounter with a quantum of short 
wave-length, with more than sufficient energy to lift an electron to the outermost, level, lonised atoms may also be excited, 

Atoms may be singly, doubly, trebly, &c., ionised, The neutral atom is indicated by the chemical symbol of the element 
with the Roman numeral I affixed, as (1*, sextant oxygen; for singly and doubly ionised, m, m1, are added, and so on, as On, (111. 

An older aystem affixed a «mall + for single ionisation, ++ for double, and eo on, instead of Roman sesgresigy ae O+, O++: 
still farther back, the atoms causing enhanced linea were known as protocalcium, protomagnesium, &o 

Atoms vary in the amount of energy required to excite and jonise them, and the amount of energy denoted by 1 (electron-} 
voltt is taken as the unit of measurement. The number of (electron-) volts required to excite, or to ionise, the atom of each 
element, is called its Ereitation and Jonisation Potentials, the latter, of course, being greater than the former (see Table, p. xi), 

* Large capitals ore also used, but the amall capitals are much clearer. + Somewhat different meaning from the ordinary volt, 
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The Mass of the Atom, or atom: weight, consists almost entirely of the maas of the nucleus, and ranges from that of the 
hydrogen atom (approx. unity, 1007), to the 238 of the uranium atom (the standard is oxygen, 16), Generally, but not always, 
the woight of the atom increases as the atomic number, Several elements may exist having identical atomic numbers, but 
differing in mass (atomic weight). Such elements, which ore chemically identical, are called deofopes, Thus, in ordinary 
common salt, the chlorine (atomic number, 17) consists of a mixture of two isotopes of masses (or atomic weights) 35 and 27, 
while hydrogen as normally found contains traces of an isotope of mass 2 (deuterium or heavy hydrogen, symbol Ji), 

Rays.—The heaviest elements and their isotopes, and some of the isotopes of the lighter elements, are radiio-active, that is 
to say, their nuclei break up spontaneously, into other nuclei and particles, some of which (electrons or § rays, helium nuclei or 
a rays) may beejected at very high speeds—when fastest, and most penetrating, being known as Aard rays: when slower, soft rays. 
They also give out electro-magnetic radiations, called + rays, which resemble X-rays, but are of harder (i.¢,, shorter) wave-longth. 

When an a ray (4 rapidly-moving helium nucleus) strikes another nucleus it may cause it to break up into lighter nuclei. 
In these changes, uncharged nuclei of mass 1 (neutrons), and particles of extremely small mass (neutrinos), are sometimes emitted. 
They can be detected only when moving at high speeds, and being small and uncharged have great penetrating power. 

Cosmic radiation, arriving from unknown sources in space, may consist either of very high speed ‘cathode’ or 8 raya (moving 
electrons) or of electro-magnetic radiation of even shorter wave-length than y rays, This radiation, striking atoms, may give rise 
to rapidly-moving positrons, similar to electrons but carrying a positive instead of a negative charge of electricity, 

The following Table shows the relationship of some of the lighter charged purticies and atome (the masa risea with the speed, 
increasing enormously as the speed approaches that of light). The third column gives an idea of the bulk of the particla—for 
the more the atom is jonised (p,.24), the less is its bulk, especially when completely ionised. 
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Sets of Lines.—Each state of the atom gives rise to a ditierent set of lines in the spectrum, the neutral atom causing one sat, 
excited atoms other seta, and variously-ionised atoms others still; pressure also affects the appearance of the lines. And in stellar 
atmospheres of similar composition, for a given temperature and pressure there is always definite proportion of atoms in each state, 
The strength of o line is proportional to the number of atoms producing it ; strong lines indicate plentiful atoms in that 
condition, faint lines relutive scarcity. Strong lines usually have Wings—i.e., ahading on both sides of the Core, or line itself, 
Contours of Lines.—The degree of blackness at any part of the shading of a winged line, with reference to the background, 
is known aa the Contour of the line at that point—so called because the energy-curve obtained by plotting the various intensities 
according to wave-length and blackness, is analogous to the gradient-curve obtained from the contour lines on a map, 
Enhaneed Lines, in a spectrum, are due to the normal atoms becoming ionised, losing one or more electrons aa the com- 
bined result of higher temperature and altered pressure (Saha £yfeet); each element has its own ionisation conditions, thus the 
presence (or non-presence) of certain lines in stellar spectra affords a clue to the physical conditions in the stars’ atmospheres, 
Forbidden Lines sre produced by possible, but very unlikely, ‘transitions’ (see page 24) in the atom, which cannot 
directly return to the ground state, but only through other transitions ; an electric field, however, cancels the unlikeliness, and 
with a field of sufficient strength the lines become visible. The appearance of forbidden lines in a star's atmosphere indicates 
that it is dense, the electric field being due to the close ionised atoms and free electrons, but in a nebula they become possible as 
the result of the extreme tenuity—some 1/1000-millionth of an atmosphere—and ‘weak’ (i¢., not too strong) radiation of 
very high energy, such aa the short wave-length rdiation from O and B stars. 
Ultimate Lines.—Those fundamental lines of an element that alone persist under great rarefaction. When about the region 
of the spectrum which cannot ordinarily be observed, those that can be observed are known as Raive wltimes, 


Interpretation of Spectra.—At very low pressures, as in the Giant stars (p. 20), for a given temperature the wave-length 
energy available is the same, and the violence of collision the same, as in dense stars ; excited and ionised atoms are also present 
in both, But when an atom is ionised, the distances apart in a rarefied gus being great, there is less chance of its recapturing an 
electron, 80 that the proportion of ionised atoms is greater, and that of the neutral atoms less ; the Giant star will, therefore, 
have stronger jonised-atom lines and weaker newtral-atom lines, than those in the spectrum of a dense star of about the same 
temperature ; its lines will alao be narrow and sharp—the ‘c' characteristic (p. 19). In dense stars, on the other hand, distances 
apart being small, ionised atoms soon recapture an electron, thus the neutral-atom lines are strong, the ionised-atom lines faint, 

At the low temperature of the furnace spectrum, the lines of the excited atoms are faint (being chiefly those of the more- 
easily excited elements), while those of the normal (lowest energy-state) atoms are strong, the proportion of the latter atoms being 
the greatest. With rising temperature, owing to the more violent collisionsand the greater supply of short wave-length quanta, the 
excited-atom lines grow stronger, owing to the ever-increasing quantity of atoms in that condition, and at last, at the arc spectrum 
temperature, ionised lines of the essily-ionised elements also begin to appear—some even appear in the furnace spectrum, 

At a later stage, the neutral-atom lines disappear, those of the easily-ionised atoms first, the more refractory later, Thus the 
spark (lower-temperature) spectrum has faint neutral lines and strong enhanced or ionized lines, because ionised atoms now prepon- 
derate ; faint lines of the atoms most easily doubly-ionised will also begin to appear in the lower-temperature spark spectrum. 

At still higher temperatures, tho ionised lines also disappear, being gradually replaced by the lines of doubly and trebly 
ionised atoma, and finally, at the highest obtainable spark temperature, and the still higher temperature of the O stars, hardly 
any lines arv left in the visible spectrum except those of hydrogen and ionised helium—the latter of which has a very high ion- 
isation potential. Lines of other elements, however, exist, but mostly in ‘inaccessible’ (unobservable) positions in the ultra-violet, 

Planetary and Gaseous Nebulm, on the other hand, in which the distances between the atoms is enormous, do not shine 
by their own light, but by absorption and re-emission of short wave-length radiation of O and B stars within them; they contain 
atoms which are doubly and singly ionised. 

F 


” V. THE SUN, MOON, AND PLANETS. 


The Sun, as an object for small telescopes, is of little interest unless sunspots are visible: special precautions 
are required in observing it so a4 not to injure the eyesight (see p. £0). 

The dise of the Sun visible on ordinary occasions, known as the photosphere, presents 6 granular or ‘rice-grain’ 
appearance in large telescopes. Even in a small instrument of 2 or 3 inches aperture, the surface will show a mottled 
appearance, when the air is steady and definition good ; but this mottling is of a coarser texture than that delicate 
granular appearance seen under higher powers with large instrumenta. Facule, i.¢., irregular, more or less streaky 
patches, somewhat brighter than the average surface, may generally be seen. They are elevations above the general 
level of the photosphere, and exist on every part of the disc, but are most numerous in the neighbourhood of sun- 
spots. ‘They are best seen near the limb or edge of the disc, since the photosphere in this region is perceptibly darker 
than at the centre of the diso, having only some 37 per cent of the brilliancy, according to Pickering. This is due to the 
absorption by the Sun's atmosphere of the light coming from within, which has to traverse s much greater depth of 
atmosphere at the limb, before reaching the Earth, than that coming from the centre: it therefore appears darker to us, 
contrasted with the facule, which have not lost so much light owing to their greater elevation. The darkening is 
specially noticeable in solar photographs. 

The Sun's Rotation may be traced by the daily motion of the spots across the disc from east to west, the ‘syndic’ 
apparent rotation period, as seen from the Earth, averaging 27} days; spots may thus be visible for about a fortnight 
at atime. The sidereal or true rotation period is about 25 days near the Equator, and 27 days at 35°; the synodic 
rotation period, at these latitudes, varies in aout the same proportion. The mean sidereal rotation period at present 
used in the W.A. and A.Z. is 25°38 days (27-2753d. synodic), but a 25-2-day sidereal period, 271 synodic, is perhaps 
nearer the true value, being that favoured in the recurrence of sunspots, faculm, flocculi, prominences, and magnetic 
storma, The Sun’s axis of rotation is inclined 7}* from the vertical to the Eeliptie plane (see p. 40). 

Carrington's Series of Rotations (25°25 day), used for statistics, has aa zero meridian the Sun's prime meridian that passed 

through the ascending node at Oh. G.C.T., Jan, 1, 1554; No.1 began Nov, 8, 1853; rroz, 1936, Jan. 2°74 (17h. 46m). 

Sunspots vary in size from small ‘pores,’ aa the smallest are termed, to groups so large as to be visible to the naked 
eye, on occasion. A sunspot presents the appearance of a dark irregular spot, or wmbra, surrounded by a less dark 
portion, or penumbra; the wmbdra, however, is only apparently dark by comparison with its surroundings, being actually 
brighter than the electric arc, though its darkest portion, the nucleus, has only about 1 per cent of the brightness of 
the average surface: very black, round spots, known as nucleoli, are often seen in the umbra, Bridges from the 
photosphere, often intensely bright, may frequently be seen gradually encroaching on and dividing up the penumbra 
and umbra; in large spots, these can easily be seen with a 3-inch telescope, or even less. The size of spots varies from 
about 500 miles to some 50,000 miles in diameter, Those over 15,000 miles are Naked-eye Spota, visible without a 
telescope, when the Sun's brightness is sufficiently reduced by cloud, mist, or dark glass, The diameter of the spot, 
including the penumbra, may usually be roughly reckoned as being three times the diameter of the umbra. 

The umbra is usually some 2000 to 6000 mies lower than the general surface, which results in the Wilson Eifect, 
the apparent displacement of the umbra as o spot approaches the limb, On rare occasions, when of unusual size and 
depth, « spot is visible as a small notch on the Sun's edge when just coming into or going out of view. 

Sunspots are never seen at the Sun's poles, and rarely within 6° of the equator, They ocour mainly in two 
zones between 10° and 30° of N.and 8. solar latitude. Spots in 45°-00" are rare, and no spot has yet been recorded 
beyond 60°, Sunspote have magnetic fields, and the polarity, + or —, of the ‘preceding’ or foremost spots of a group 
is opposite in the N, and 8. hemispheres—which hemispheres may differ very considerably in their spottedness. 


The Sunspot Period.—The spottedness waxes and wanes, a maximum being reached about every 11-1 to 11°15 
years, on the average, but there is no definite period, intervals between maxima having varied from 74 to 164 years; 
the apparent 11-year cyele, however, is really a half-cycle, for the spot-polarity changes after every minimum. 

The rise to maximum is usually more rapid than the fall, taking about 4) years; minimum spottedness is reached 
about 64 years later, when no spot may be visible for weeks. Large spots may appear at any part of the oycle. 

Spoerer’s Law states that the two spot-zones simultaneously move slowly from high N. and S. latitudes towards 
the equator. Nearing minimum—the end of each half-cyelo—the spot-cones are near the equator; the new half- 
cycle begins when spots of opposite polarity break out in high latitudes, some time before the actual minimum is 
reached, and two or three years elapae before old-zone spote finally disappear. The new spot-zones gradually decrease 
in latitude, till, at the end of eleven years, they, in their turn, arrive near the equator; high-latitude spots of opposite 
polarity then appear, heralding the beginning of the second half of the cycle, 

The variation of latitude is shown in a striking manner by plotting the spots of « cycle according to date and 
latitude, From ita shape, this is known as a Butterfly Diagram, 

*Spota not on the contre are, of course, greatly foreshortened when near the limb, 
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Sunspots and Magnetic Storms.—The curves of sunspot activity, of terrestrial magnetic storms, and (on 
the whole) of aurore, closely coincide, indicating some intimate connection not yet wholly explained, A large spot 
near the centre of the disc often coincides with o magnetic storm, but not always, and on the other hand the return 
of a certain area to the centre of the disc sometimes causes a magnetic storm, though no spot is visible. 

Wolf's Sunspot Numbers give the relative ‘sunspot activity’ for any year, based on the number both of 
groupe and of individual spote—the size of telescope used, and the observer, being taken into account. The numbera vary 
from 0 to about 150 at the highest maximum, and they have been calculated back to 1610 (See Memoirs R.A.S8., vol. 43), 
A sunspot number of 100 is equivalent to « sunspot area of about 1/300th of the visible dise, 


Prominences or protuberances are jets or clouds of glowing red gas which rise all round the Sun's ‘limb! or edge 
from the chromosphere, a bright scarlet, irregular ring of light, some 5” to 15" in depth at different times, seen only 
during total eclipses, or by means of a spectroscope attached to the telescope (wee p40), The reversing layer is 
& thin stratum of gas which is responsible for the dark lines in the solar spectrum, absorbing certain portions of the 
bright light from the layers beneath, and reversing them into dark lines. In solar eclipses, just before the Sun dis- 
appears, it showa the lines bright instead of dark—a phenomenon known as the flash apectrum. 

Filaments are long dark prominences seen in projection on the Sun's disc, AMfotion-forme are apparent filamenta 
over a sun-spot, but in reality only distortions of the hydrogen (C) line caused by high radial motion, 

Floeculi, seen or photographed by the spectro-heliograph, in one particular wave-length of light (usually that 
of calcium, sometimes hydrogen), are small irregular clouds of either of these elements, which are seen all over the 
disc, and show the distribution of the element over it, There are both bright and dark flocculi: the latter may take 
the form of long dark wisps. The Solar Reseau, or Reseaw Photospherique, is an as yet unexplained blurring or 
fuzziness of the solar granulation; it is not known whether it is of solar or terrestial origin, (‘Reseau' also means 
the network of squares ruled on celestial photographs for measuring purposes). 

The Corona, also seen only during total eclipses, is a mysterious, irregular, pearly ring of light surrounding the 
Sun. Itis never quite the same, either in shape or extent, in successive eclipses, and appears to be partly gaseous, and 
partly meteoric, for it shines partly by reflected sunlight. It varies with the 11-year period of the Sun's activity, 
being more or less regularly distributed round the Sun at sunspot maximum, while at eun-spot minimum there are 
large streamers, several degrees long, near the Sun's equator, with tufts or plumes of light near his poles. Ita bright- 
ness varies, being at times uncomfortably bright, nearest the Sun, without a dark glass, especially when the Sun's and 
Moon's diameters are nearly the same, but on the average seems rather less bright than the Full Moon, The Corona 
spectrum has a characteristic green line (A5S04) due to oxygen, once ascribed to an unknown element ‘coronium’, 

Bally's Beads are sometimes seen for an instant before totality—a breaking-up of the thin disappearing crescent 
of the Sun into « series of bright moving points, like a string of shining beads* Then, os totality begins, the prom- 
inences and corona appear until the Sun begins to emerge again ; sometimes, however, they appear just before totality, 

Shadow Banda or fringes, another eclipse phenomenon, are alternate light and dark bands, afew inches broad and 
1 to 3 feet apart, that appear on white surfaces for an instant as totality begins: probably due to irregular refraction, 

The Sun's Magnetic Poles are about 6" away (but perhaps this varies) from his rotation poles; they rotate 
in 31°29 days (31d. 7h.), and were on the Sun's central meridian on 25th June 1914. 


The Sun's Temperature, that of a dwarf GO star, is about 6000°K. (10,000°F,) near the surface, The Solar 
Constant, the amount of heat received by the Earth (on entering the atmosphere) from the vertical Sun, is 1:93 gram- 
calories per minute on each square centimetre; varintions of ene to five per cent seem to occur from day to day. Tha 
temperature of sunspots is about 4800°K.—1000° C, (1800* F.) less than that of the general surface. 

Solar Motion,.—The Solar Apex, or Apex of the Sun's Way, is the point on the star sphere towards which the 
Bun is travelling with a velocity believed to be about 19-5 kilometres (12°1 miles) per second. The position of the 
Apex is ascertained from study of proper motions, or radial velocities, but determinations differ, often by many degrees, 
different seta of stars giving varying results, In the main, however, there is agreement aa to the general direction of 
the Apex being in Hercules or Lyra, about R.A., 18 hra,, Dec. 34° N. (or, as usually stated in degrees, R.A., 270°, 
Dec. 34° N.). The Solar Antapex is the point diametrically opposite on the star sphere, R.A. Ghrs., Dec. 34" 8. 

Mean Dally Spotted Area of the Sun in millionths of the visible hemisphere (projected area, corrected for foreshortening, 
Vear.— 1913 1914 1915 1916 Ig17 rorB r9T9 1920 IOat 1922 1923 T1924 1925 1926 1927 1938 Ig2y 1930 193I 1932 1933 
Area.... 7 152 607 724 1537 1118 1052 618 420 252 65 878 B30 1262 1058 1390 1242 B16 275 183 8B 
Mean fat. 33° 217 EP GP WP oP nf ny oP Oe OS eee OR ee os my 7° PP se Of IR 

Sunspot Maxima and Minima (approx.; +, —, polarity of N. ‘preceding’ spots. || 1934 1935 1936 1937 1938 1939 14a 

Mini + | 19017 — | 1136+ 1923°6— | 1933'8 +. | 1tb44— ; 119 24 1141 RoT4 2019 ye eek 
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Maximum | 1905:—- aaa 
* Probably due to irregularities on the Moon's limb, 


THE MOON 

General Notes. —The Moon is the most interesting of all the heavenly bodies fora small telescope, Tn an opera- 
ginss the dark portions visible to the naked eye are seen to be the smoother portions of the Moon's surface ; the re 
mainder of the surface is a mass of craters of every sige, from come of which brilliant white streaks radiate for a great 
distance. The most striking views are obtainable when it is about its first or last quarter, when the lunar 
mountains near the ferminator (or boundary between the bright and dark portions), enst long dark shadows which 
give a fine effect of contrast with the bright sun-lit parts. At the time of full Moon this contrast is lost, though the 
syatema of raye or bright streake are then most in evidence, and an interesting field of study is the total, or nearly 
total, disappearance of prominent objects (¢.g.,Maginus) for 2or 3 days before and after ‘Full,’ while others (notably 
the eratera, properly ao called, ace p. 30) can still be located by reason of their being brighter than their surroundings. 
This disappearance is very noticeable in formations traversed by the rays or atreaks, as in the 8. W. portion of the 
Moon. A low power should be used at first, fora general view of the disc. (See note on ‘Observing the Moon,’ p. 40, 

The Moon always presents the same side to the Earth, so that one side of the Moon is never seen at all. Owing, 
however, to what is termed the Moon's libration, or apparent swaying, due to the inclination of its axis to its orbit, 
and to other causes, we sometimes see a little more on one side or another, so that altogether about six-tenths of the 
surface is visible at one time or another. A full deseription of the Moon is quite beyond the scope of the present work, 
but the following paragraphs, together with the map, and further notes, p. J0, indicate the principal features. Consult 
Elger's and Neison's detailed accounts and maps, also Goodacre's; Nasmyth's, and Unser Mond(Fauth). Proctor’s 
volume deals particularly with her orbital and other peculiarities. See also Pickering's Photographic Atlas. 

Lunar plains, the darker and smoother portions of the surface, were supposed by the early telescopists to be 
seas—which they much resemble under very low powers—and were named accordingly. More perfect instruments, 
however, revealed that the supposed seas were simply vast plains, by no means level, or smooth, possibly once the 
bottom of lunar oceans. 

Lunar mountain ranges and peaks are much higher in proportion to the moon's diameter than terrestrial ranges 
are to the earth's diameter, some of them attaining a height of about five miles, The most conspicuous range is 
The Apennines, inthe northern hemisphere of the moon, which rises like a wall from the Mare Jmbrium. It is about 
600 miles long, and its highest peaks attain a height of 34 miles—the heights being found by measurements of their 
long sharp shadows, nearly 100 miles long. 

Lunar craters, which are such a prominent feature in lunar landscapes, are of all sizes from a hundred and fifty 
miles in diameter downwards. Craters often have one or more conical penke within the crater walls, of which 
Tycho and Gassendi are fine examples; the largest with a fairly level bottom, and often no central peak, and with 
lower bounding walls than the cratera proper, are called walled plains, of which Plato is the best example. The 
interiors of the craters are usually lower than the surface outside, but sometimes the reverse is the case, Frequently 
an old crater will be seen that has been broken into by « later one. 

Lunar rills are deep, winding, narrow valleys, resembling the bed of a dried up stream. Lunar el/ts appear like 
cracks on the smoother portions of the surface. It is difficult to realise that these hairlike markings are sometimes 
fifty or a hundred miles long and up to 2} miles in width. The greater number of clefts are to be seen only in pretty 
powerful telescopes. Faults are closed cracks in the moon's surface, and are numerous, They are visible owing to 
the surface on one side of them being higher than that on the other. 

Lunar rays are the bright streaka which radiate from some of the principal craters. Unlike other lunar features, 
they are best seen about the time of fall moon. The finest system of rays radiates from the great crater T'ycho, in 
the southern lunar hemisphere. The strangest feature of these rays is that they are everywhere on the same level as 
the rest of the surface, and traverse unbroken both crater walls, valleys, and seas, No fully satisfactory explanation 
of their nature has yet been given. 

Position Angle of the Moon's Axis.—This sways some 25° on each side of the hour-circle every month, the ex- 
tremes being when her R.A, is about 0 hrs. and 12 hrs., ie., when crossing the celestial equator: it is about zero when 
her R.A. is 6 hes. and 1$ hrs, The amount is given in the ‘Moon’s Physical Ephemeris’ in the Nautical Almanac, 

Objects near the Limb. Those near the N. lunar pole are best situated for observation when the Moon has 
its greatest south latitude (about 5"), and vice versa for the 8. pole ; those near the west limb, when the Moon's actual 
longitude is E. of (i.¢., greater than), and those near the east limb when it is W. of (i¢., lesz than) the mean longitude, 
The dates when any object near the limb will be nearest the centre, and thus most favourably situated for observation, 
can be ascertained from the Mawtical Almanac, by finding the times when the favourable libration in latitude; p. 29) 
fs about 6", and that in longitude about 7°: the Moon, however, may be below the horizon, or the phase unsuitable. 
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Effects of Libration. At each recurring phase, though the positions and lengths of the shadows themselves have 
not changed greatly (lunar ‘seasonal’ changes being small, owing to the small inclination of the lunar equator to the 
Ecliptic, 14"), the Moon’s latitude and longitude, &c,, have altered, Libration has come into play, and we view the object 
and its shadow from o different position than formerly, the variation amounting at ite maximum to over 20", through 
the combined effect of the displacement in latitude and longitude. Except at rare intervals, therefore, we do not re- 
observe objects under anything like the same conditions. When viewing the Moon, it should also be remembered that 
it is only near the centre of the disc that we see objects in their true form and dimensions, as each object is more and 
more foreshortened the further it is away from the centre, and, on the limb, is seen only in profile. 

The libration on any evening can be found from the Nautical Almanac in the ‘Moon's Physical Ephemeris,’ 
columns Earth's ‘Selenographic Lat, and Long.'’ When the libration in longitude is +, the mean centre of the dise is 
displaced to the E., ie, the Mare Crisium is furthest from the limb. When the libration is -, the mean centre is 
displaced to the W,, and the Mare Crisium approaches the limb, Similarly, when the libration in latitude is +, the 
mean centre is displaced to the 8., i.«, Plato is farthest from the limb, and tice versa, for —. 

Best Altitude Conditions.—For any given age of the Moon, there is # certain date in the year about which 
more favourable altitude conditions obtain than at any other time, though it is modified to some extent by the Moon's 

changes in latitude, This ia due to the fact that the Moon's average path coincides with the Ecliptic, so that on 
any given day, her altitude above an observer's horizon at culmination, will, on the average, be exactly the same as that 
of the Sun at noon on the date when he has similar R.A. The following Table indicates approximately the most 
favourable dates for observing the principal phases: (8. Hemisphere, transpose April, Oct.: and July, Jan.) :— 





N. Hemisphere:— | Moon 3-4 daysold.; First Quarter, Full. Last Quarter, (| 25-26 days, 
Most Favourable | End of April Vernal Equinox | Winter Solstice | Autumnal Equinox| End of July 
Least si »  QOctober | Autumnal ,, Summer ,, Vernal Pa » January 











The Position of the Terminator on the Moon's equator, corresponding to various ages, can be approximately 
agcertained by means of the scale below the Map of the Moon on p, 31. It can be obtained more exactly from the 
‘Moon's Physical Ephemeris,’ ‘Sun's co-longitude' column, in the Nautical Almanac (in conjunction with a lunar 
chart having selenographic latitude and longitude lines), by using the following rule -— 


Sun's Co-longitude. From :— FPorution of Terminator. 
O" to 90", the figures inthe Tablegive ...  ... the terminator's longitude E. of the central meridian (Sun rising), 
90° to 180°, subtract the Sun's co-longit. from 180"; answer = ,, ‘ SS ee = » (Sun setting), 
180° to 270°, subtract 180° from the Sun's co-longit. , = » es a = » (Sun setting), 
870° to 360°, subtract the Sun's co-longit. from 360°, ,, = 45 “ op TIS tae = » (Sun rising). 


Repetition of same Phase of illumination, near the same hour, may be expected in about 2 and 15 Junations, on 
the average, but there are variations—corresponding with the lengths of different lunations, which vary to and fro 
between 29} and 292 days, The mean lonstion is just over 294 days, hance, on the average, in the second lunation 
similar phase falls in daylight; in the third, it is 14 hours later in the evening than the first, and soon, 1 mean 
lunation = 29712" 44"; 2 lunations, 59°14"; and 15 lunations, 44225". The mean interval from perigee to perigee, 
ormean anomalistic period is 27°55455 days, and does not recur at the same phase till after 14 lanations (about 1°13 yra,), 
or about 14 months later in the following year, so that ‘most favourable’ conditions gradually disappear for a period. 

Lunar Nomenclature. Lunar objects are generally referred to the quadrant, or quarter of the dise, in which 
they are found, numbered TtoTV,ason the map. The principal formations have names of their own: other objects in 
the neighbourhood (also those inside or on a crater), not separately named, are denoted by the nearest crater name with 
a Komen letter added, for craters or depressions, or a ffreek letter, for peaks or elevations—capitals denoting ‘mensured' 
points. Thus ‘Aristoteles B' is quite different from ‘Aristoteles,’ being a small crater some 50 miles N. of the latter, 
Greek letters are also used for rills, in conjunction with the crater names. 

Earthshine, popularly known as ‘the Old Moon in the New Moon's arms,’ ie due to rays of light reflected from 
the Earth on the Moon’s dark dise. Itis stronger in the morning with Old Moon than in the evening with New Moon, 
and its variations are worth systematic study, as an index to the reflective power of the Earth's disc, which is lit up 
by the Sun, As the albedo of clouds ia very high (p. viii}, unusual brightness of Earthshine probably indicates that the 
sun-illuminated hemisphere of the Earth is much cloudier than usual, and vice versa when Earthshineis faint, Earthshine 
is best seen 3 to 5 days after New Moon in the spring, or before New Moon in the autumn, especially if the Moon is near 
perigee at the time, its brightness then being greatest. Iarthshine is also known os ‘Iumidre cendrde,’ or ‘aahy light,’ 

A very narrow ring of silver-white light, quite distinct from Earthshine, and encircling the whole lunar dise, is 
occasionally visible for short periods when the Moon is within 2 or 3 days of New, 
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Lunar Craters are classified by Neison as follows, but the classes merge gradually into one another, and near the border 
line either name may be used. 

Walled Plains (w in Index), diam, 40-150 miles (65-240 km.), like Pato. Usually surrounded by a complex system of 
walls: floor usually not much lower than outside, and comparatively level ; central mountain often absent, Mostly 
in 8, hemisphere, 

Ring Mountains (mr in Index), diam. 15-50 miles (24-119 km,), like Rémer, Walls low and broken, probably ruined 
walled plains, 

Ring Plains (r in Index), diam. 20-60 miles (32-97 km}, like Copernicus: comprise the majority of the larger lunar craters, 
More circular and regular than walled plains; single principal wall, generally; outer slope small, interior steep and usually 
terraced. Floor nearly always mach lower than outside, and comparatively level, The deepest lunar formation is 
Newton, rim 23,000 feet (7000 metres) above the floor. In Wargentin, the floor is practically level with the top of the wall. 

Crater Plains, diam. 10-20 miles (16-32 km.). Brighter, and with steeper outside slopes, than craters proper. 

Craters proper (c in Index), diam, 5-15 miles (8-24 km}, like Bessel, Circular; outer slope steeper, but the interior falls 
more gradually than in crater plains, Floor small, with ‘voleanic' cone; very bright nenr Full. 

Craterlets, diam. Smiles (Skm.) downward. Craters in miniature; merely a convenient sub-division, indicating very 
small craters. 

Crater Pits, or ‘Pits, dinm, as craterlets, but up to 11 miles (18km.), Very shallow depressions, outside slope hardly 
perceptible. Depressions differ from crater pits in having no sign of walla whatever, and may be many miles or 
kilometers across, 

Crater Cones, Steep conical peaks, diameter 4-3 miles (1-5 km.), with narrow central opening, which ia very difficult 
to see. They appear on mountain ridges, and on crater walle and floors, and are very bright near Full, For fuller 
details, see the reference books, given on page 25, 

Lunar ‘Seas,’ Valleys, &¢. The Sinus Iridum, with great bordering cliffs, rising in peaks over 16,000 feet high, is-one 
of the finest objecta on the Moon ; it is beat seen when the Moon is 8 or 9 days old, 

Of the valleys, the Great Alpine Valley is the most notable. Most clefts or rills, and faults, are not visible in small 
instruments, but the Cleft of Hyginus, and that of Arindwas just W. of it, can be seen in a two-inch telescope, The ‘Straight 
Wall,’ 60 miles long and 900 feet high, is a little E. of Thebit. Pico iss solitary peak on the Mare Imbrium, 

The Brightness of different parts of the Moon is an interesting study: it is valued in ‘degrees; ranging from 1", the 
darkest—found in Grimaldi and Riccioli—up to 10°, found in Aristarchus, the brightest object in the Moon; Proclus ia 8", 
O° is black shadow, The floor of Plato undergoes curious changes in brightness as the Sun's altitude increases, 

The varying colours of the Seas may also be studied, The prevailing tint of the Maria is grey, more or less dark, Mare 
Crisium being the darkest (14°-3"), with a tinge of green. The brightest of the grey plains is Lacus Somniorum (24*-4°) ; 
Palus Somnii, equally bright, is of a yellow-brown shade. The Mare Serenitatis, the centre of Mare Hamorum, and part of 
the Sinus [ridum, have a dark greenish colour, and the Mare Crisium a lighter green ; the Mare Frigoris is a yellowish-green, 

Centres of Principal Ray Systems. Aristarchus, Aristillus, Byrgiua A, Copernicus, Euler, Kepler, Messier, Proclus, 
Timocharis, and Tycho. Euclides and Landsberg A are surrounded by a ‘nimbua,’ or bright patch. 

The Mean Centre of the Moon, or intersection of lunar meridian 0° with the hinar equator, can always be readily found, 
as it is approximately the point equidistant from the three craters, Herachel, Schréter, and Triesnecker. The lunar equator 
is very nearly the line drawn throngh Rheeticus and Landsberg ; lunar longitude 0", a line drawn through the centre of Walter 
and the E. side of Aristillus, But see note at foot of Map of the Moon as to curved lines. 

Index, Mapofthe Moon. The diameters, given in miles, are approximate, as authorities sometimes differ, owing to 
irregular shape, &c, The letters Bo, Bb, &o., indicate the square in which the object will be found. r, w, ¢, otc., see above, 








ppa (r) Be 27") Clavius {w) Calm Hell (r} Ca 18") Messier (¢) Ab 8m Bantbech (r) Ab 4em 
Al nina (w) Bb 70 | Cleomedes{w) Ac BO | Hercules A Ed 46 | Moretua (i) Ca 78 | Schickard (w) Dalg4 
Alpetragius(r) Cb 27 | Copernicus (r) Oc 56 | Herschel (o Cb 25 | Misting & A(r)Cb 15 | Sebiller (1) Cull’ 
Alphonsns (w) Ob 70 Cerin (r) Db 30 | Hevel (w De 71 Newton (r) Cala3 | Scbriter(r) Ce 25 
Anaximander Cd 39 | Cyriilus(w) Bb 65 | Hippalus(r) (Cb 38 — | Stadius (r) Ce 43 
Apollonins Ac 30 | Delambre (rf) Bb a2 Hipparchius Y. Bb $2 | Otto Struve (w)DclS0 | Staffer (1) Bal5o 
Archimedes (r) Ce 50 | Detisie (mr) Ce 16 | Hyginus&Cleft(c)Bed | parpy () Cb 25 | pamant: 
iadmus(c) Bo 6 | an | Petavius (vw) AbLION | sprees (@) Ac 44 
Aristillus (r) Bd 34 | Endymion (w) Pd 75 | Lambert (rf) Co 18 | Pinasi (ar Da 90 | Lbeophitus tr Bb 64 
Aristoteles (7) Bd 50 | eee ee) Ob 7 | Landsberg (r) Cb 26 | Picard (r) Ac a1 | aumecharis (r) Ge 33 
Arzachel (w) ©b 6s | Euclides (ce) Cb 7 Langrenus (w) AbS85 | Piccolomini (r) Bb 57 Triesnecker (r) Bo 14 
Atlas (r} Bd 66 | Eudoxus (r) ic 45 | Letronne ir) DbSO | Pico Cd .. Tycho (1) On 64 
Autolyous (fF) Bd26 | Euler (r) | Tandanain (we) Ba 35 | p; ae igs i 
Fabricit: Ba Mine Pitatus (w) Co 68 | Vendelinus (wr) Ab 90 
Bailly (1) Cass | Fabricius (r) 55 | Linné (c) Be 2 | Plato (w Cd 60 | Vieta (r) Db 51 
Hessel (¢) Bo 12 Aaecesh: tr) ee 9 | Longomontanua(w)Ca 90. | Plnivs (9 Be 32 | Vitallo (r) Db 28 
Birt (r) Gb 9 | Fracastorius (r) 7 ne (ieee es Ge) Ac4a | Posidonitis () Bd 62 | Vitruvius (e) Bo 19 
Blancanus (7) Ca 60 | Furnerius (w) Maginus (ie) Catog | Proclus Ac 18 | Viacq (r) Ba 87 
Bullialdns (r) Cb 38 | Gambart(r) Oo 16 | ¥en i) Da 95 | Ptolemeus (iw) Cb118 
Burg (r) Bd 28 | Gassendi (w) Db 55 | sfanitius (r) Be a | Purbach(w) Cb 70 Walter (w) Ba 90 
Byrgius, &A(r) Db 40 | Gauss {a} Ad1io cies es Wargentin (r) Da 4 
| Godin te Be 28 Marius (rr) De 87 | Reiner (r) De 21 | Werner (r Bb 45 
Capella (r) Ab 30 Gri & Db147 | Maskelyne (r) Be 19 | Reinhold (r) Co 31 | Withelm tf. (w) Ca 48 
Capaanus (r) Ca 34 | Grimaldi (w) Maurolyous /w) Ba 78 | Rhetious (r) Be 25 | Wurselbauer(ic) Ca 50 
Cassini (r) Bd 36 | Hainzel ) Ca 56 | Mersenius(r) Db 41 | Riccioli (w) Db106 
Catharina (w) Bb 70 | Helicon (r Cd 1a | Messala(w) Ad 60 mer (nur Ac 30 | Zach (w) Ba 46 


SKETCH MAP OF THE MOON, (As .cen in on inverting Telescope) 





SCALE SHOWING APPROXIMATE POSITION OF THE TERMINATOR ON THE MOONS EQUATOR AT VARIOUS AGES. 
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In using this or asy other Map of the Moon, it must be remembered that :— 
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(a). Objects very near the limb in the Map may be completely out of sight or much foreshortened, owing to libration. ‘The Mare 
Crisium and Grimaldi for instance, almost touch the edge at extreme libration. 

(6). The lunar equator, and parallels of latitude, which are straight on the Map, are only seen thus when the libration in latitude iv 0°, 
ie, When the lunar axis isin the position of moan libration ; a: other times these lines are seon aa ellipaes of greater or leas curva- 

ture, curved southwards when the [[bration in latitude is +, and curved northwards when the libration in latitude ia 


(e). Similarly the meridian of lunar longitude 0° is only seen aaa atraight line when the libration in longitude ia 0" + at other tines 
it also is elliptical, convex W. or HK. according os the Moon's libration is — or +, 
(a). The mean centre of the disc is only seen in the centre when the libration in longitude and latitude are each O°. At other 


times it may be displaced up to 7° $5" in longitude and ° 44’ in latitude, or as the combined result 10° 1€’, The Moon's 
libration in longitude is 0" about perigee and apogee, and her libration in latitude about O° when she is eroaing the Eeliptic. 
Wheo the Moon's libration in longitude ia— , the regio 


mn espoeed to view ia on the Ey limb, & Mare Crisium is nearer the limb, than mean position. 


: A ie . i rs i WwW, ‘ in 2 further from ,, ” “ 
When the Moon's libration in latitude ia - ‘i i - 8. limb, & Platois nearer the limb than imesan position, 
i nt FF as n 1“ in ii, - 4 further from - 
LUNAR MOUNTAINS, do. | LUNAR SEAS (oR “MARIA”, ac. 

Hatght, th. | Height. || Mare Anstrala ... As)! Mare Nectaria ... Ab| LacusSomniornm Bad 
Alps, Bd 12,000 | Derfel Mtz. Ca 26,000) ,, Crisium +» Ac! |, Nubium .. Cb!) Palos Nebularom Td 
Alpine Valley Bd ... |Hemos Mt Be 4,700) ,, Foecunditatis Ab|| ,, Serenitatia ... Be! ,, Somnii... ... Ao 
Altai Mta, Eb 13,000 | Leibnite Mts, Ba 30,000) ,, Frigoris » Cd) ,, Tranqguillitatis Ac) Sinus Aestuum ... Co 
Apennines Ce 18,500 | Pyrenees Ab 12,000) ,, Humboldtianum Ad|) ,, Vaporum ... Be! ,, Iridum... ... Cd 


Bradley, Mt, He 13,600 | Riphiean Mts.Cb 2,700) 


00) , Humorum ... Dio] Ocean. Procellarum De} ,, Medii ... ... Ge 
Caucasus Bd 18,500! Taurus Mt. Ad 10,000) 


» Imbrium ... Cd" Lacus Mortis ... Bd! ,, Roris ... ... Dd 
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= THE PLANETS. 

The Nautical Almanac (N.A.)}, and The Amerlean Ephemeris (A.E.), give much useful planetary observing information. 
Under ‘Phenomena’ are the dates of opposition, conjunction in R.A. with the San and Moon, elongationa of Mercury and Venus, 
&ec.: there are Occultation Tables, with latitude-limits of observability, and those seen at certain stations ; alao Sunrise, Sunset, 
Moonrise, Moonset, and Twilight Tables, for latitudes 0° to 60°, The ‘Physical Ephemeris’ Tables give the position angle 
of the axis, planetary meridian on the centre of the disc, magnitudes, configuration and eclipses of the satellites, &c,; also :— 

Mars and Jupiter, “The angular amount of phase, (always on the W. side from conjunction to opposition, and on E. side from 

opposition until conjunction) is given by column ¢; the linear (=areal) fraction of the die illuminated, by column &. 
Column D® gives the number of degrees the planet's N. pole (+), or S. pole(—), is turned towards the Earth: maximum 
about 254° for Mara; 4° for Jupiter; 29° for Saturn; but largely nullitied by foreshortening, 0° = both poles on limb. 

Jupiter's Satellites. Configuration: (€ at the side indicates ‘In transit’; @ ‘In oceultation or eclipse,’ The Phase diagrams show 

the position of each satellite during the month by o * (change alight, except near opposition), of the points where the 
satellites disappear in, or emerge from the shadow+; ¢ (or d) isthe point of disappearance; f (or r), that of reappearance. 

Saturn's Rings. Column # (Saturnicentric latitude of the Earth) gives the angular ‘openness’ of the rings, 0° when invisible, 

about 28° fully open. Column 3" is the Sun's elevation above the ring-plane; the rings are invisible when 4 or B’=0" ; 
and also when # (Earth) is + (North), and B' (Sun) is — (South), or vice versa, Position angle of axis is same as column J. 

Hour of R.A. on the meridian at mean midnight (Sidereal Time), for each day; from this, that nt other hours can be found. 

Rising or Setting of Planets. From the VA. time of moridian passage, subtract (or add) the semi-diurnal are (see p. xiv), 

Astronomical Terms; The Calendar. The student should read the very interesting article on these subjects in the Appendix 

to the British V.A., which also contains, for the advanced, an elaborate preci of formulm used in the Almanac. 

Heliocentric longitudes and latitudes, and radius vectors, giving orbital pasitions and distances with reference to the Sun, are 

given annually in the Americon Ephemeris, The British V4. publishes them for twenty years in advance, 1917-40 in WV. As, 
1915-17 (Mercury annually, till 1938): 1041-60, also 1900-1940, in special yola, Eurth’s heliocentric longitude, see p. 4. 

General Notes.—The Major Planets, so called to distinguish them from the Asteroid or Minor Planets, none 
of which exceeda a few hundred miles in diameter, are Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, 
Neptune, Pluto. The first four, and Pluto, are sometimes distinguished as the Terrestrial Planets, os their sizes are 
comparable with that of the Earth, the others as the Giant Planets, They are always near the Ecliptic except Pluto, 
within the Zodiac (p.3), and are readily distinguished from fixed stars, as they do not twinkle unless low down; their 
spectra are those of reflected sunlight, with bands due to methane in all the giant planets, and ammonia in Jupiter 
and Saturn (p.35). Their constantly-changing positions are easily found by the R.A. and Declination given in almanacs, 

Unlike the Moon, which souths about 38 to 66 minutes (mein, 50}) later each day, the Superior Planets (Mars, the 
Asteroids, Jupiter, and those beyond) south earlier, on the average, each night, appearing to move nearer the Sun daily 
when E. of him, but further away when W. of him, and being lost in his rays for eome six weeks annually—Mars, 
and the asteroids in general, for months, biennially, having long synodic periods (see below). 

The Superior plansts are best seen when in opposition, southing about midnight ; the Jwferior Planets (Meroury, 
Venus), about the times of greatest elongation, Opposition or greatest elongation may oceur at any time of the year, 
but the nearer they happen to one date in a certain month (Superior planeta, that on which the Earth's heliocentric 
longitude is about the same as that of the planet’s perihelion) the larger and brighter is the planet; many years, how- 
ever, elapse before the most favourable conditions recur, For Magnitude variation, see pp. 17 and 41. 

The Solar System (see also p. viii)—The figures below are mostly (or, based an) those of the American Ephemeria, to which 
refer (or to the yearly B.A.A. Hindbé.) for greater precision. The larger of two diameters is the equatorial, the amaller the polar, 

Sun, Diameter, 864,400 miles, 1,391,100km.; Moon, 2160 miles, 3476 km. Density: (water=1) Sun, 1-41 ; Moon, 3:34, 





Planets, ... ae Mercury Vornus, Earth Mare Jupiter | Saturn | Uranus | Neptune Pluto Sun | Moon 
Angular diameter, Max. | 120 oD) ‘3 ay] ars | aoe | ate 2 a go 36") 3a" 81" 
- oe Min. 47 ae) os oD 35 | wT os | 22 om 31° 31°. | 20" 22” 
a At Mean Dist. OT 10 ne ae | ap | ea | as | 2 rai 31 59° 191" 5” 
Qhblateness or ellipticity 0 0 Worth | 1nd | faa | 1S | A/Mth | 140th |. 0 | oo008 
Muss, Earth=1 O04 Orel 100 «| «O108 s164 | 949 | t4Go | 1746 | OF | 232,000) One 
» Suns 1/S-miltionth | 1/4003,490 | 1/929,970 | 1/R-miltionth | 1/1047 | 1/3002 | 1/22,860] 1/19,314/ 1/400,000) 1 ire 
Axist or Equator, Inclination to orbit a Bis er 25°17 a oT | Oe 151" - | TUTE! Gt 44° 


Meun Distance from Earth:—Jn/ferior planets, 1 Astron, Unit; Superior, mean distance from Sun; mean opp'n distance, | unit lesn 
Aphelion and Perihelion|Distances, =a+a%¢, when a=the semi-major axis (the Mean distance) in A.Us., and ¢ the eccentricity. 















Planet | Mean Distance fr. Sun, Diameter Mean Periods. Orbit; Epoch 1950, Mean Motion 
Astron, Milkions of 1 Thousand ef 5— Biderwal, | Syuedic, | Axial Been: , Tnelii, Longit Lengit  iedepwl) 

L Wnlta Miles Hilom. Mites, Hllom. iu youre in years | Retaiien tricity § |to Bolipt-| Aen ndeinertbelion! Pally ) Yearly 

Mercury |O-387 | 360) 57-9) 30 | 483 0-2408 /03173) Ssh? [|OR058) 7-00 | 47-7 | 767 | aaa] + 

O728 | 672) 108-1 | 757 | 1218 COOlse | 1-5987 | Seu? ash? |]0-0088| 340 | Tea 1308 | 140] - 

1-000 | 929) 149-5 | 7227 — LOOO0d |... (2 semgs [OOIGT) OF | 2... | TOR | O89) 360" 

1524 | 141-5 | 2278) 42 | ove LABOO | 2-1854 -O4h BTm em |O0884|) 185 | 40-1 | 8851 | O88) 1914 

Eros (3) 146 | 1348) 2170) 0-015 | 0-0 1-723 23081 | aye O-2229)10-84 | 8036 | 121-0 | O54) 209° 

Jupiter |5-203 | 483-3 | 777-68 | “i, | “a7 1] 11-8822 |1-0921 9 S0-dom ]OO484| 130 | be9 | 139-5 | O08) 30% 

9-539 | 886-1 | 1426 | TE, | 1209 |] 29-4577 | 1-0352 10k 1638= 10-0557) 249 | 1182 | 921 | O08] 13¢ 

19-109 | 17 2969 | 80-0 | qu? $4-0153 | LO1Z1 |about 1048 |]0-0472| O77 | 727 | 169-0 | O-01) 4d° 

30-07 | 8793 | 4496 | 32-9 | 520 1é4-788 10001) 1h40m 10-0086) 178 | 1312 | 442 |O-008) 2° 

1g 


ao-46 | 3686 | 5600 | a0T!) wee 247-007 | 10047)... 2486 | 1714 | 1006 | 2235 | 0-004 


erry one Prey Lae} on - oar oon wre 


+ Direction of motion is towards the figures, + For the axis, to the vertical to orbit. & To Ecliptic (Moon, 14°). 
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' The Paths of the Planets on the Star Sphere. As seen from the Sun, these (their helioventric paths) are, for ordinary 
purposes, unchanging, and each intersects that of the Earth (the same as the Ecliptic) at two practically fixed pointa, the nodes, 
The heliocentric paths are also approximately the average paths of the Superior planets, as seen from the Earth (see below}, 

Planets attain their greatest heliocentric latitude when about 90° longit, from the nodes, and remain longest (lengthens as the 
eccentricity) on that side of the Ecliptic in which aphelion lica than in the other, partly because the node-aphelion-node distance 
is greater (slightly, unless eccentricity is great), partly berause the mean motion is slower. If the node-perihelion angle {w) ia 
greater than about, 180", aphelion iain the N. celestial hemisphere (Mara, Jupiter, Saturn, Neptune); if izes, in the Southern (Mercury, 
Venus, Uranus, Pluto); in the former, the altitude at favourable oppositions is best for Southern, in the latter for Northern observers. 

As seen from the Earth, the Superior planets reach a latitude above or below the Ecliptic at least equal to the inclination of 
their orbits, and each follows the heliocentric path more and more nearly the leas its parallax—ie., the remoter the planet is from 
the Sun; thus their geocentric paths are confined to a very narrow strip on the star sphere—Mars excepted (see below). 

Merowry and Venus, which circle the star sphere with the Sun, have the Ecliptic for their average path (approx.), and attain 5° 
and 9", respectively, from it if max. heliocentric latitude occurs with Earth about heliocent. longit. 318° (Mere. \, 166", 346°( Venwa), 

The Earth's everchanging position in her orbit, may, as seen from her centre, displace the Superior planets from their helio- 
centric positions (a) E. or W. by an amount about equal to the Earth's annual parallax (p. 14)as seen from the planet; () N. 
or 8. by a small amount —greatest about perihelion opposition, smallest about conjunction—except for near-by Mars, which at 
opposition may be some 3° to 5° N. or 8. of the heliocentric path; Jupiter's maximum is about }*. And as the Earth's mean daily 
orbital motion of 1" exceeds those of Mars and the astervids by 4" or more, and those of the other Superior planets by well-nigh 1°, 
(see Table, p. 32), when Earth and planet are on the same side of the Sun and in the same line, at opposition, the Earth outruns the 
planet, causing it apparently to retrograde on the star sphere—before and after opposition, also, for some time, The combined 
motions of the Earth and a planet make the latter's path on the star sphere, as seen from the Earth, a looped or sigsag curve. 

Mercury is always so close to the Sun that, even when most favourably situated, he is only observable for about 
two hours (naked eye, }hr,) after sunset or before sunrise, and that ata very low altitude, especially in higher 
latitudes, His very eccentric orbit causes hia greatest elongation (G.E.) from the Sun to vary from 18* to 25° —the 
latter one being at aphelion, when heia 8. of the Celestial Equator, and best seen by Southern observers. In temperate 
latitudes he is most favourably placed near the Equinoxes, as an evening star in spring, some days before G.E.—one 
in April being best, or as a morning star in autumn, some days after G.E. (in the 8. hemisphere, Oct, and April). 

Mercury has phases like the Moon, and is mag. - 1°8 when in perihelion near superior conjunction (but very near 
the Bun); at G.E., the average is only +0-2. Sidereal period 88 days; synodic, about 116 dys. (Rotation, see below), 

Venus, the brightest of the planets, sometimes seen in broad daylight, may even cast a shadow ; her faint mark- 
ings (very doubtful if permanent features) are difficult to observe owing to lack of contrast, but her phases can be 
studied in a small telescope or good opera glass; examine in daylight—which diminishes the glare—or soon after 
sunset or before sunrise. Her greatest brilliancy is during the crescent stage—as an evening star about a month 
after, or asa morning star before, greatest elongation, which at maximum is 47°. (G.E. never occurs at nearest to Earth), 

The maximum magnitude(—4-4)oceurs about every 8 years, when Venus isin perihelion near the end of December, 
and 8, of the Celestial equator as a morning star, therefore more favourably situated for Southern observers ; she is 
then twelve times brighter than Sirius; she is slightly fainter when in perihelion about the middle of March as an 
evening star, when Northern observers see her much higher above the horizon, Her apparent motion is so slow—the 
synodie period being about a year and seven months (584 days)—that she remains visible or invisible for several 
months, unlike Mercury, which rapidly disappears in the Sun's raya, Sidereal period, 224:‘7 days; rotation, see below. 

A faint luminosity, like Earthshine on the Moon, occasionally reported as visible on the dark side, in now attributed to ocular causes, 

Recurrence of Greatest Elongation.—For Mercury, the most favourable elongation occurs about every six years; for 
Venus about every 8 yeara. The intervals between greatest E. and W. elongation are very unequal :— 

Greatest E. to greatest W. elongation, inferior conjunction between :—Mercury about 44 days; Venus 144 daya 
" ” E. " superior " " ” n 72 y » #40 ,, 

Mars is of little interest in a ama]! telescope except in or near opposition—when his angular diameter is 15" to 
25"; this oceura every 780 days on the average—nearly two years and two months, the longest (major) planetary synodic 
period ; the sidereal period is 687 days. Favourable oppositions come every 15 or 17 years, the best about Aug, 26th 
(from 1924, very favourable), when Mara exceeds Jupiter in brightness, attaining mag.— 2:8, but as his dise is even 
then only half the diameter, little detail is seen in small telescopes. The mean and minimum opposition magnitudes 
vary between — 2°25 and -1-0, whilein conjunction with the Sun heis only Ind magnitude, Except near opposition, 
Mars is more or less ‘ gibbous'—#.¢,, not fully, but more than half-illumined—greatest when he is in quadrature (90° 
longitude, or 6 hrs. R.A. from the Sun); only 0°84 of the disc is then illumined. Mars has two tiny satellites, 

On Mara’ ruddy disc, dark greyish-green markings—onee thought to be seas, but now supposed to be marshes or 
vegetation areas—can be seen, and one or other of the bright, white polar spots (probably snow-caps, perhaps partly 
hoar frost) is a striking feature ; occasionally both caps are visible, The finer so-called ‘canals'—an unfortunate trans- 
lation of Secchi’s canali, ‘channels,’ not necessarily artificial—are invisible in small telescopes, and though some seem 
to result from real markings, the tendency is to regard them as partly due to ocular causes, Rotation period, 24h. 37-4m. 


Rotation Periods of Mercury and Venus.—AVercury’s rotation period is now believed to be 88 days, the same as his sidereal 
one,.s0 that he always keeps the same face to the Sun. Venue is still a puzele; the period of 24-hrs. or so, long accepted, is now 
abandoned, the bulk of the evidence indicating « period greater than 20 days, while some think she rotates in the same time aa 
her sidereal period, like Mercury, Pickering’s period is 65h., axis inclined only 5° to the orbit, 

a 
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Jupiter is a fine object for small telescopes, with his elliptical dise, darker at the edges than in the centre, and 
‘parallel belt’ markings; when in quadrature (p, 5) the limb is very slightly shaded, owing to * phase.’ The rotation 
period is 9h, 50-5m. near the equator (System I, .A.), and 9h. 55-7m, in the temperate zones (System IT), 

For reference, the diso is divided into the N. and §. Polar Regions; the Equatorial, Tropical, and Temperate Zones, crossed 
by seven darker ‘ belts'—via, the narrow Zywatoria!l Band ; the Equatorial (NV, and 8.), and Temperate (¥., VN, 8, 58.) Belts. 

The Great Red Spot, seen in 1857, first prominent in 1878, was an oval about 15" by 3° (30,000 by 7000 miles), and 
ita rotation period has varied by several seconds, Bright red till 1881, by 1892 it had faded to a pale orange, and 
has since shown little colour. In 1919-20, remarkable and rapid changes occurred in this region, the Spot disappearing 
and re-appearing again. It has generally been seen in a ‘hollow’ or ‘bay’ in the 8. side of the 8. Equatorial Belt, 
and a dark marking, the S. Tropical Disturbance, periodically overtakes the Spot and accelerates ita motion. 

Jupiter's synodic period being about 399 days, in successive years oppositions take place s month later in the 
season, the most favourable being every 12 years, in Sept.-October; his magnitude is then — 2-5, compared with about 
— 2-3 at mean opposition, Minimum mag., when in conjunction with the Sun, about— 1-2. Sidereal period, 11°86 yrs. 

Jupiter's Satellites or Moons.—Seven of these are seen only in great telescopes or on photographs, The other 
four (about mag. 6, and numbered from the planet I, II, 111, TV) are visible in an opera glass: they are all eclipsed by 
Jupiter's shadow (not instantaneously), I to II] once every revolution, Sometimes s satellite ‘transits’ or passes 
across the planet's disc, appearing, as it enters or leaves the disc, as a bright spot on a dark background (the limb or 
edge of the planet being darker than the centre), while later it may disappear, if the background is similar in bright- 
ness and colour; it may also show as a dark spot. The shadow also transits the disc as a dark spot, which is apt to 
be taken for the satellite itself; sometimes both satellite and shadow are seen transiting at the same time. 

Qceultations, when the satellites pass behind the body of the planet, are frequent, but of little interest, though, 
when Jupiter is in or near quadrature, the satellite may disappear, or re-appear, slightly away from the apparent 
limb owing to the ‘phase'—which is on the west side before, and on the east side after, opposition, 

Saturn is also a fine object for small telescopes. The dise is even more elliptical than that of Jupiter—seen 
fully only when the Earth is in the plane of the rings—but is only alightly darker at the edges than in the centre. 
Faint parallel-belt markings may be discerned, and occasionally bright or dark spots, but his special feature ia the 
wonderful Ring system, divided in two by a dark line-like marking known as Cassini's Division ; it is just visible in 
a 2}-inch refractor when the rings are fully open. The projecting ends of the rings are called the Ansm; the one facing 
in the direction of the planet's motion, in the field of view, is the ‘preceding’ anza, the other the ‘following’ one. 

The principal rings are designated A (the outermost) and B which is brighter; A is divided by a narrow dark 
line known as Encke’s Division, not easily seen. A third ring C, the dusky Crape, Crepe, or Gauze Ring, nearest 
the planet, requires at least a 4-inch telescope, The rings are not solid as was once supposed, but myriads of tiny bodies 
revolving round the planet; the actual thickness of the rings is not yet known; estimates vary from 10 to 50 miles. 

Saturn Ringless,—Twice in the course of Saturn's 29}-year sidereal period, at intervals of 139 and 15} years (from 
1936), the rings present their edge (a) to the Sun, (6) to the Earth, or (c) turn their unillumined side towards the 
Earth, and become invisible in ordinary telescopes—even in the largest telescopes, when edgeways to the Earth—for 
a day or two; Saturn is then in heliocentric longitude 172° or 352°, in the constellations Leo or Aquarius-Pisces, 
About 8-7 years later, when he is in the constellations Taurus or Sagittarius (long. 82° and 262°) the rings are fully 
open, and he is at his brightest (see p.17), The most favourable conditions for brightness and openness are when 
Saturn is in opposition at the times of perihelion (longitude 9 1*), and greatest openness, which, for the same longitude, 
only occurs every 29-30 years (from 1943), The Earth is in longitude $2" and 91", about Dec. 15 and 24, with Saturn 
N. of the Ecliptic, and in 262° about June 14, when he is 8. of it: oppositions about these dates will therefore be 
favourable, but those in the observer's summer will be at low altitudes. As Saturn's synodic period is 378 days, 
oppositions recur only a fortnight later in the season each year, giving for some years a succession of the best brightness- 
conditions. At the time of ring-invisibility, the Earth may pass (or almost pass) through the ring-plane thrice in the 
course of a year, the central one being near longitude 172° or 352", the others months before or after (#ee Table p. viii), 

Saturn's magnitude varies with the apparent width of the rings; mean opposition about+ 9-93, max. -0-4; ring- 
less, from 0°65 to 0-87. His rotation period varies with the latitude, averaging about 10} hours. Herschel I, gives it 
as 10h, 16m,; Hall (1876) 10h. 14m, 24s., for lat, 10°; Denning (1903) 10h. 37m. 56s,” Sidereal period, 29°46 years. 

Saturn has nine satellites; a very small telescope shows Titan, the brightest (mag. 8-3); a d-inch, or even less, 
Rhea (mag: 10-0); a 4inch, Tethys, Dione, and Iapetus (mags. 10-6, 10-7, 10-9, respectively); the others are mag. 12-15, 

Uranus and Neptune are of little interest to the ordinary observer, being so distant that their small discs are 
visible only in telescopes over 4 inches, their satellites in large ones. Uranus, being mag. 6, is visible to the naked 
eye; Neptune, mag. 7, in an opera glass, Their maximum and minimum brightness differ only by about 0-5 and 0-2 
magnitude, respectively: their angular diameters also vary very little. Uranus has four satellites, Neptune one. 

Pluto, discovered 1950, has a very eccentric and highly-inclined orbit (17°); at perihelion (in 1989) he comes 
nearer the Sun than Neptune, His magnitude (seems variable, by 0-2-0-4 mag.) ranges from about 127 to 153, His 
diameter and mass, as determined by Prof, Brouwer of Yale from perturbations of Neptune, is about equal to that of 


Venus, * In the Planet's north latitude $8". 
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Planets X, 0, P, &c. Ultra-Neptunian planets, suggested by planetary perturbations and cometary analysis. 
Pluto represents Lowell's ‘Planet X' (1915, mass much less); for the others, see H.A., vol. 61, P.A., vol. 40, 1932. 
The Asteroids, or Minor Planets, being very minute, are all invisible to the naked eye, excapt Feata (oppos. 
mag. 61); the largest Ceres, is 480 miles in diameter, but the great majority are well under 50 miles. They occupy 
the position waere ‘Bode's Law’ (p, viii) indicates a planet ought to exist, and may possibly be the remains of one, 
Unlike the Major planets (except Pluto), their orbits vary greatly in inclination to the Ecliptic and in eccentricity 
Hidalgo (S74) having an orbit-inclination of 43°, and an eccentricity of 0-65 (exceeded by that of Adonis, see below). 
New astervids may receive names, but are only numbered (symbolised thus, (@), roughly in the order of discovery) when a 
satiafectory orbit has been obtained : for the temporary nomenclature, see pix, Over 1400 asteroids are now known. 
Eros (434), diameter about 15 miles, and perhaps S-shaped, or irregularly coloured, as its light varies, rotates on its’ 
axigin 5} hours, Its orbit is s0 eccentric that when nearest the Earth it is about half the least distance of Venus, or 
14 million miles; it is then about mag. 7, but is usually beyond the reach of small telescopes, the mean opposition mag- 
nitude being mag. 10. The nearness of Eros makes it of great importance for accurate measurement of the Sun's distance, 
Amor (Delporte Planet 1952 EA), not more than 3 miles in diameter, approaches within about 10 million miles 
of the Earth—+4 million miles nearer than Eros does, It may be in opposition twice in & year. Period about 2} years. 
1932 HA, the Reinmuth planet, about a mile in diameter, may transit the Sun, its orbit coming within that of 
Venus; it may be only 3 million miles from the Earth. Period about 14 years, (No name or number, orbit doubtful). 
Adonis® (£936 CA,, also unnumbered), a second Delporte planet, approaches nearer the Earth than any other 
known body except the Moon; in 1936, it was only 1-38 million miles from ua, In addition, its eccentricity (0°76) 
is greater than that of any other planet, so that it comeswell within the orbit of Venus, and travels out as far as 
that of Mars. It is probably under half a mile in diameter. Period about 2°57 years; inclination of orbit, 1°26’. 
The Trojan (or Jupiter) Group of asteroids, named after heroes in the Trojan war, is noteworthy for its members 
ravalving in stability equidistant (approx. )from the San and Jupiter, though their orbits are very near that of the latter 
Planetary Radiationt.—20 Jneolation of a planet is the total radiation it receives from the Bun ; of this the 
planet (a) reflects mach solar radiation of short wave-length, i.¢., the ultra-violet, visible, and shortest infra-red wave- 
langths up tosay lp (= A14,000); and (4) absorbs the rest, then re-radistes it as Planetary Aadiation of long wave- 
leagth, de, invisible low-temperature heat-rays, which may include the planet's own radiation, if any: thus (}) is the 
measured total radiation fess the amount of fa). A lem. water cell placed in the beam of the planet's radiation 
transmits (a) but absorbs (4), thus enabling the amount of the latter to be measured. As an atmosphere ucts as a 
blanket, the planetary radiation of atmosphereless planets will be high; that of those with atmospheres will tend 
to ba small, lessening the denser and cloudier the atmosphere, Quartz and fluorite sereens, which transmit longer 
wave-lengths than the l4y of the water-cell (to 41p.and 12 respectively) are also used in these investigations. 
Jupiter and Saturn emit 6 per cent of planetary radiation; Mars has about 50°/, indicating a thin atmosphere; 
Venus, about 8% on the bright side. The Moon and Mercury give 74%, auggesting similar physical (atmosphereless) 
condition, The Moon's local radiation at first or last quarter is proportional to the distance from the illuminated 
limb, and is zero at the terminator. The difference in the radiation from the light and dark lunar areas is slight. 
Planetary Temperatures.—The surface-temperature of the Moon varies greatly throughout the lunar day; 
under the vertical San itis101°O, (214°F.), while daring the long night itsinks to less than — 150°C, ( -— 238°F.), Mercury 
under the vertical Sun is about 685°K. (412°C., 774°F., above the melting point of lead), at perihelion, and 555°K. 
(282°C., 540°F.), ataphelion ; his dark aide must be very cold, practically no heat being measurable. Fenus differs little 
on the bright and dark sides, her temperature being about — 23°C. (—9°F.); we evidently only see the upper surface of 
a cloud-nyer in the isothermal region. fers, under the vertical Sun, is 21°C. (T0°F.) at perihelion, but only -6°C. 
(21°F.) at aphelion, when the temperature at the poles is about —70°C. (—94°F.). Jupiter and the other giant planets 
ara evidently cloud-covered like Venus, but their temperatures are naturally lower, Jupiter being about — 190°C. 
(-202°F.); Satern, though much further from the Sun, some —190°-150°C, (—184"-258"F.), thus seemingly emitting 
some heat of hisown: Uranus and Neptune, some — 190°C. (—$10°F.) and — 220°C, (— 364"F,) respectively. 
Planetary Atmospheres.—The Asteroids, the Moon,and even Mereury (probably, the temperature being high) 
having masses too small to overcome the ‘velocity of escape’ (p. 24), are atmosphereless, If Mercury hasan atmosphere 
as faint transient markings (perhaps dust from volcanoes) auggest, it is so tonous that the solar spectrum is unaffected. 
Vines has carbonic acid gas in her atmosphere, but seemingly no oxygen or water vapour in the observable regions, 
Mara.—The density of hisatmosphere at ground surfave is estimated asnot exceeding that of the Earth at a height 
of 11 miles, but it is probably mach leas; clouds form in it and disappear, and both oxygen and water vapour are be- 
ligved to be present, and were reported as having been observed in 1924, but later observations failed to confirm them, 
The Giant Planets’ atmospheres, so far as they are penetrable, are probably largely composed of hydrogen, and all 
contain the not easily condensed methane (marsh-gos, CH,), the quantity increasing the further the planet is from the 
Sun's warming radiation. Jupiter, with the highest temperature, and toa lesser extent Saturn, also contain am monia, 
Pluto, if similar to Mercury, could retain an atmosphere, but the very low temperature would condense most gases, 
* Ant er'ca, temporarily, + See Lowell Obs, Bulletin, No, 85, 1025. 
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Planetary Surfaces.—Only the cloudy upper regions of the Giant planets and of Venus are visible, but the actual 
surfaces of the Moon, Mercury, and Mare, are seen, The polarimeter curves of the three latter are strikingly similar 
to those of voleanic ash and pumice, From their albedos at different phases, the surfaces of Mercury and theatmoaphere- 
less Moon seem to be very similar, as might be expected, and are rather rough; that of Mars seems to be fairly smooth, 

Meteors or Shooting Stars are of all degrees of brightness, from the faintest, lasting an instant, to the bolide or 
brilliant fireball, Inating several seconds: those that reach the Earth are called aerolites. Meteors may appear in any 
part of the sky, but there are certain well-marked points on the star sphere from which showers of meteors come every 
year at regular dates, when the Earth returns to the same part of its orbit. These showers are named from the con- 
stellation in which lies their Radiant Point or Radiant—so called because the meteors of the shower appear to 
radiate in all directions from that point in the sky. Many hundreds of radiants are known ; the Table on p. 43 gives 
a few of the principal showers that may be looked for, and the approximate position of their Radiants. Those inter- 
ested will find a long list in Webb's ‘Celestial Objects.’ In colour, the average meteor is more or less white, and is 
estimated to weigh not more than a single grain, from brightness and velocity considerations, 

The meteors for any particular radiant mostly exhibit the same general characteristics year after year. There 
are, however, considerable differences between various showers. In some, the meteors move very swiftly, in others, 
they move comparatively slowly; in some, the average meteor is faint, in others, a proportion of fireballs may be ex- 
pected, Streaks or trails are characteristic of some showers, while occasionally o bright slow-moving meteor seems to 
travel ina wavy path, All these points should be noted in meteor observations, but in recording the appearance of a 
meteor, the unskilled ahould note that it is much more important to deseribe exactly its apparent path or track among 
the stars, from beginning to end, than its physical appearance. The same shower may also vary considerably in point 
of numbers, being quite conspicuous one year, and hardly visible the next, or for years in succession, On the other 
hand, some showers of considerable steadiness sometimes flash into great activity at intervals, the Leonids for instance, 

Meteors are generally twice os frequent at Go.m, os at 6 p.m., because at the former hour we are facing in the 
direction of the Earth's motion in its orbit; inthe latter, to the rear. They usually appear from 50 to 80 miles above 
the Earth’s surface, and, on the average, disappear at 40 or 50 miles, (See Notes on observing meteors, p. 43), 

Comets vary in brightness, most of them being visible only with the aid of a telescope. A comet is generally 
first discernible as a minute, faint, misty patch of light, so much resembling a nebula that it is only identified as 
a comet when found to be in motion, but sometimes even a very large comet escapes detection at first by approaching 
us in the line of the sun. The essential portion of all comets is the coma or head, the misty patch of light already 
mentioned. In addition a nucleus may develop as it approaches the sun, i.e. a bright flame-like or star-like appear- 
ance within the coma, and also a tail, or sometimes several tails—which always point more or less away from the sun, 
no matter whether the comet is approaching or receding from the sun. The tail usually appears as a curved hollow 
cone, decreasing in brightness as it widens out. Both nucleus and tail, when present, increase in size and brightness 
es the comet nears the sun, and decrease os it recedes from the sun; envelopes, or stratifications of the mist round 
the nucleus, especially on the side towards the sun, may also appear as the comet approaches perihelion, Neither 
nucleus nor tail, however, is necessarily present. Several comets are connected in some way with meteoric showers, 

Periodic comets—those which revolve round the sun, and thus appear at regular intervals—are known by the name 
of their discoverer (as Afolmes' comet), or discoverers at two different returns (as Pons-Brook's comet), or discoverer or 
investigator of the periodicity (as Halley's and Encke's Comets), Tempel 1 (1867), Tempel IT (1573), indicate two dis- 
coveries by the same observer, Ziea's comet (now lost), which divided in two, was known as Biela [ and IL. 

The Zodiacal Light :—Except near the time of the equinoxes, this is not well seen in temperate Intitudes, as ite 
axis in the sky at other times is comparatively near the horizon. It appears as a faint, hazy, conical, beam, some 
15*-20° wide at the base, which nearly follows the course of the Ecliptie (not the Celestial Equator) on the star sphere, 
for 90°" or more from the horizon a little south (8, Hemisphere, north) of where the Sun is below the horizon; in its 
brightest parts, it is two or three times as luminous as the Milky Way, bat towards its extreme limits it is always 
exceedingly faint, Its brightness seems to vary from time to time, and it is brighter when observed within the 
tropics than in temperate latitudes, partly owing to its being more nearly vertical to the horizon, and partly to the 
shorter duration of twilight, It is best seen Feb.-March (evening), Aug.-Sept, (morning) in the N. Hemisphere; in the 
8. Hemisphere, vice versa; the inexperienced are apt to mistake the glow of twilight for it. (See Notes on Observing) 
In a very clear atmosphere, the Zodiacal Band, a narrower extension, joins the Gegenschetn (next page), thus extend- 
ing the Light right round the star sphere. These phenomena are all usually attributed to sunlight reflected from 
meteoric bodies, their spectra being mainly that of sunlight, but two recent theories consider them, (a) a terrestrial 
Hail,’ like that of a comet, due to the Sun's light-pressure; (4) an atmospheric phenomenon at an immense altitude, 
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The ‘Counterglow' or Gegenschein is a very faint round patch of light, 10°-20" in diameter (i.e, larger than 
the ‘Great Square of Pegasus’ =a, 2, y; Pecast anda Aypromeps), or 40°-60" according to another authority, situated 
on the Ecliptic at the point diametrically opposite to where the Sun is for the time being. It is very difficult to see, 
and cannot be distinguished if projected on the Milky Way: choose a moonless night of exceptional clearness, when 
the Ecliptie is highest above the horizon, viz, in December and January. According to Barnard, it is largest and 
brightest in September and October. (See a long paper by Barnard, in the English Afechanic, March 21, 1919), It 
also is probably due to sunlight reflected from meteoric bodies, 

Oceultations take place when the Moon or a planet passes in front of some celestial body, shuttting it out from 
view. The Moon frequently occults stars; the disappearance, or immersion, is always on the E. side of the Moon, the 
reappearance, or emersion, on the W. side: sometimes (but rarely) the Moon occulta a planet, When the star is bright, 
the instantaneous disappearance and re-appearance are almost startling: very rarely, the star seems to hang for an 
instant on the limb, perhaps chancing on some irregularity parallel to the Moon's motion. Duration, see next page. 

The Moon's (star) shadow is 2160 miles in diameter on the fundamental plane (p. 3), and has no penumbra; itsweepa 
across the Earth from W, to E., in the direction of the Earth's rotation, which makes occultationa last longer than 
they would with a non-rotating Earth. The W.A, occultation list gives the parallels of latitude within which they are 
seen: near these limits, the small breadth of the shadow (oval, in general) confines visibility to a very limited district. 

Eclipses occur when (a) the Moon passes in front of the Sunt; (4) a satellite enters its primary’s shadow (the body 
blots out, in occultstions), and becomes invisible, though nothing intervenes, because the Sun no longer illumines it, 

In Solar Helipses—which, strictly speaking, are really ocoultations of the Sun—the eclipse begins on the west side 
of the Sun's dise, and the shadow sweeps across the Earth's surface from west to east ; in Lunar Eelipses, the eclipse 
begins on the east side of the diso, and sweeps over it westwards. The wmbra, or shadow, is the dark shadow on that 
portion of the Earth in solar, of the Moon in lunar eclipses, which, for the time being, receives no direct light from 
the Sun. The umbra shades away into the bordering penumbra or partial shadow, which covers those regions of the 
Earth or Moon whence the Sun would be seen partially eclipsed: the edge between them is never sharply defined. 

iret Contact occurs, in a solar eclipse, at the instant when the discs of the Sun and Moon first appear to touch, 
t¢., when the eclipse begins: Jost Contact at the instant of the end of the eclipse. In the ease of a lunar eclipse, we 
have two First Contacts—at the instantwhen(1) the penumbra, and (2) the umbra or shadow, first touch the Moon's disc; 
and similarly two Last Contacts, at the moment when (3) the shadow, and (4) the penumbra respectively leave the disc. 

The magnitude, or extent, of partial! and annular eclipses is indicated hy expressing the proportion of the diameter 
eclipsed as a decimal of the full diameter, at the time, of the Sun's or Moon's dise: in solar eclipses it varies according 
to the locality, but in lunar eclipses it is the snme at any place from which it is visible, 

Ina total lunar eclipse, the magnitude is indicated as the ratio to the Moon's diameter at the time taken as 1 ; any 
eclipse less than 1 will be a partial one, while the maximum will be about 1-8, but this only occurs when the Moon is 
simultaneously in perigee and on the Eeliptie, The further the Moon is from the Ecliptic, the shorter is the duration 
of totality, and the nearer the points of first and last contact to the lunar poles. 

Lunar Eclipses, when total and central, may last os long as 3 houra 48 minutes from first to last contact of the 
umbra, or up to 6 hours including the penumbral stage; the maximum duration of totality is 1 hour 42 minutes, 
Usually the Moon does not altogether disappear from view, even at mid-eclipse, but shines with a dull reddish-orange 
or greyish light, being illuminated by sunlight refracted by the Earth's atmosphere: the colour and brightness depend 
on the amount of water vapour and clouds present in the Earth's atmosphere at the time. On rare occasions the clouds 
intercept all or nearly all the rays that would be refracted, so that the Moon becomes nearly or altogether invisible. 

Solar Eclipses, both total and annular, are rarely visible from any given place, the ‘expectation’ being only one 
in 360 years, Some 3 or 4 hours elapse between first and last contact, but totality never exceeds 7m, 40 secs., and 
annularity 12} minutes: both are usually much less, At the equator, both totality and contact-interval last about a 
quarter longer than at lat. 50°, The width of the zone of totality averages leas than 100 miles, but where the Sun 
is in the zenith it may be about 167 miles.* Partial solar eclipses are of little interest, the Sun merely appearing 
notched ; the temperature may fall perceptibly, however, and about mag. ‘97, Mercury, Venus, and stars may appear, 

Transits of Mercury and Venus.—Transits of Venus happen twice at the short interval of eight years, and 
then do not recur for over 100 years (105) and lil} alternately). Last transits, 1874, 1882; next transits, 2004, 2012. 

Mercury transita the Sun about four times in 33 years, and at the same node at intervals of 7, 13, 33 or 46 years, 
The transite always happen at the descending node in May, or at the ascending node in November, Transits take 
place in May [1924], 1957, and 1970, and in November [1927], 1940, 1953, 1960 and 1973, (See Note on Transits, p. 42). 

*See Track Charts in the V.A, + Or, in binaries, one atar pasens before the other, 
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Duration of Occultations.—The Moon's mean daily motion among the stars is 13°18, or 0"-55 per hour, as seen 
from the Earth's centre, The Moon's mean angular diameter being 0-518", for a central occultation her (star) shadow 
takes nearly an hour, on the average, to pass the Earth's centre, and still longer a point on the Earth’s surface, where 
by her rotation, an observer is being carried in the same general direction as the ahadow is travelling, At the Earth's 
equator the speed is about 1030 miles, and at latitudes 45° and 52°, 734 miles and 640 miles per hour, respectively; the 
duration of an occultation, therefore, shortens with increasing latitude, but in finding the actunl duration, the Moon's 
varying velocity and angular diameter, and other factors, have to be taken into account, The track of the centre of 
the shadow may take strange curves, very similar to those of the tracks of various solar eclipses given in the VA. 
[n the latitude of Greenwich, some central occultations may last about 14 hours. 

Oceultation Period —Owing to the westward motion of the Moon's node along the Ecliptic (about 14" per 
nodical month), the Moon's monthly path among the stars is always changing, circling the star sphere back to the 
same node in 18-59 yeara, On the average, therefore, each star within about 6}° of the Ecliptic has the chance of being 
oceulted twice during that interval, when it is passed successively by the ascending and descending quadrants of the 
Moon's path. These ‘passings' are at average intervals of 91 years for stars on the Ecliptic itself; for other occultable 
stars the interval between the passings shortens as the distance from the Ecliptic increases (with a correspondingly 
longer interval to the next pair), till, at the oceultable limit, the two passings coincide, But the intervals are not 
constant, owing to the varying inclination of the Moon's orbit, the node's irregular and sometimes (as regards the mean) 
reversed motion, &c., 20 that an cecultation may be repeated during many months—or even some years, for stars near 
the occultable limit, where the monthly paths are closely crowded—before the path finally departs from the star, 

Twilight, from ancient times, has been reckoned as ending when the Sun's centre is 18° below the horizon, 6th 
magnitude stars then being visible in the zenith; it has no definite duration, however, as meteorological conditions may 
modify it, The glow, in its luter stages is a segment of a circle, brightest vertically over the Sun. Directly opposite, 
the indigo-blue segment of the unilluminated atmosphere rises from the east as the Sun recedes from the horizon. 

Twilight lengthens with distance from the Equator, and is shortest all over the Earth about the Equinoxes, 
The total variation never exceeds half an hour below latitude 40°, and in higher latitudes, some 10-20 minutes during 
autumn, spring, and winter; but above lat, 40°, in summer twilight lengthens, till it Insts all night above 50°, Civil, 
Nautical, and Astronomical Twilight (Britiah V_A.) end when the Sun's centre is 6", 12", and 18° below the horizon—the 
first about the limit when “ordinary outdoor operations become impracticable without artificial light.” Table p. xiv, 

Twinkling of Stars,—Though purely atmospheric in ita origin, this phenomenon is of interest to astronomers, as 
itis affected by the nature of the light emitted by each star, ie, by ita spectrum, White stars (Types Band A) twinkle 
most; yellow stars (Types F to K) slightly less, and red stars (Type M) least of all, Twinkling is least at the zenith, and 
in settled and calm weather; and greatest toward the horizon, and in unsettled and stormy weather: there is also a 
seasonal waxing and waning from mid-summer to mid-winter and vice versa, Planets do not usually twinkle except 
when near the horizon—supposed to be due to the fact that they have dises of an appreciable size, 

The Green Flash, or ‘Green Ray,’ occasionally seen for a second or two before the instant of sunset or sunrise, 
is a beautiful solar phenomenon, duo, like twinkling, to atmospheric causes ; it is more often visible if an opera-glasa 
isused. The general conditions required are a distant, sharply-detined, and low (preferably sea) horizon : avoid looking 
at the Sun till the last moment, Cool weather and absence of red tints seem to favour visibility, Sometimes it takes 
the form of a white flash followed by a deep blue one. While the duration is usually only a second or two, it tends to 
lengthen with increase in latitude, especially if the horizon is nearly parallel to the Sun's motion, In the Antarctic, 
it has been observed for 30 minutes. A Aed Flash is sometimes seen as the Sun's lower edge emerges from a dark 
cloud near the horizon: it may last minutes if the cloud’s motion is nearly the same as the Sun's. 

Auror are believed to originate in the Sun, There is general agreement between the sunspot maximum and mini- 
mum and their greatest and least frequency, and though no definite relationship with sunspots has yet been demonstrated, 
magnetic storms and aurore frequently occur when large spota are on or near the Sun's central meridian: they may be 
due to rays shot out from certain areas of the Sun's surface—not necessarily radially, or from where a sunspot is seen, 
Aurore appear in various forms: diffuse areas, ares, rays, beams, curtains, patches, de. (details see p44). The 
ordinary height is some 87 to 300 kilometres (55-180 miles), but altitudes of 1000 km. (620m,) have been recorded. 

Aurore are most frequent about the time of the equinoxes—especially just after.* In Europe, some thirty may be 
seen annually on the line Inverness-Oslo; south of that line the number rapidly falls off, and south of the latitude of 
Paris, they appear only at long intervals, In America the corresponding limits are Quebec-Alaska, and Washington. 

The colour of Aurore is ordinarily faint white, silvery or delicate green in the brighter parts; red may appear, 
especially in the diffused type, or towards the lower edge of other types, and may pass into yellow-green. The auroral 
spectrum (also that of the night sky, faintly), has a characteristic green line—A5577—due to oxygen and nitrogen, 

Luminous phenomena, simulating auroral forms, also occur (rarely) near or even at ground level, and owing to 
undoubted theoretical difficulties (in our present state of knowledge) are usually attributed to mist or optical illusion, 
These explanations, however, do not account for the apparent absence of reports of such illusions from the regions of 
lesser auroral activity, where they are equally likely to occur, nor do they satisfy an actual witness of « ‘low aurora.' 

“See “Aurore,” Encyelo, Brittunnice., 11th edition, 
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VI. HINTS ON OBSERVING, &c. 

Atmospheric Conditions.—To get the best results, objects should be viewed when they are as far as possible 
above the horizon, t.¢,, when near culmination. Satisfactory observations cannot be made of objects at low altitudes, 
owing to the increased intervening thickness of the atmosphere, and the haze and mist which so often obsoure the 
horizon, The nights when the sky is darkest, and the stars most brilliant, are not always the best for observations, 
Faint and ill-defined objects, such as some nebule, may, however, often be seen to advantage on such nights 

During a slight haze, the air is often very steady, and splendid views of bright objects may then be obtained. 
Tf the stars twinkle much, it indicates that the sir is unsteady and not altogether satisfactory for observation. 

Viewing Faint Objects.—The eye becomes much more sensitive to faint impressions after it has been kept 
in the dark for a considerable time. A slight change of focus is often restful to the tired eye. 

Very faint objects, otherwise invisible, may sometimes be detected by averted vision: the eye is directed to 
another part of the field, while the attention is fixed on the spot where the object is supposed to be, 

Making Notes: Consulting Charts, &c.—A bull's-eye lantern with a slide to shut off the light is of great use, 
A cycle lamp may be utilised by the occasional observer, A photographic red lamp is even better, as it does not affect 
the sensitivencas of the eye. It may be placed on a support at some distance from the observer, and so directed as 
to throw « faint light on the book or card, when notes or sketches are being made at the telescope. A strong light 
should be avoided, as it makes the eye leas sensitive for observation. 

A small table to hold the maps and other books, with a lantern having a shade to throw the light downwards, 
lest the direct rays of light should reach the eye, is almost a necessity; a special shelf may be fixed up in an out-house. 

All observations should be written down at the time, when they are made, The notes should be clearly worded, 
and should have entered on them the year, month, day, hour, and minute of the observation, together with the aperture 
and power of the telescope, and the state of the air. In Earthshine observations, the temperature, barometer reading, 
and direction of the wind should also be noted, as meteorological conditions have some influence on the brightness, 

Direction in an Inverting Telescope.—In the inverted view of an object, as seen in astronomical telescopes 
(except ‘Gregorians’), to observers in the Northern Hemisphere the upper part of the field of view is south, while 
the lower part is north ; east ison the right hand of the object, and west on its left side, 

To observers south of the Equator the reverse is the case; the upper part of the field is north, and the lower 
south; east is on the left hand of the object: west, on its right. 

For circumpolar stars, however (i.2. those a less number of degrees from the Pole than the observer), the rule does 
not hold, as the observer is facing the other way, and objects on opposite sides of the Pole are movingin opposite directions, 

North Preceding, &c.—To get over these difficulties in describing how to find a celestial object in the field of 
view, the phrases ‘North (or South) preceding,’ ‘North (or South) following,’ a certain star, are commonly used. Vorth 
(or South) indicates that the object is nearer the North (or South) celestial pole than the star referred to ; Preceding that 
its Right Ascension is less than that of the reference star, and Following, that its R.A. is greater, thus indicating the 





Between rlaing and culmination. Southing or culminating. Between culmination and setting, 
(aagledepending on latitude af odserser and declination ofalar (Upright. (aoght depending on fotede af server ond declination after), 
n.p.=Sorth preceding. a—North following, ap.=@outh preceding,  #,.=Sonth following. F=Wet, /=Eaat, 


direction in which to find the required object, ‘The annexed diagram indicates how the hour-circle—which coincides 
with the line 8N in the diagram—lies with respect to the horizon in an inverting telescope, when in different 
positions, and how o Position angle (P.A.) will in consequence occupy varying positions in the field of view, 

In the diagram, the arrow denotes the apparent path of a star with reference to the horizon, as it crosses the 
field of view of a fixed inverting telescope in the N. Hemisphere, This path will be horizontal only when the object 
is on the meridian, but the relative positions remain unchanged, In the 8. Hemisphere, hold the book upside down. 


40 OBSERVING, 


Observing the Sun.—lIt is extremely dangerous to attempt to view the Sun unless proper precautions are taken: 
blindness may be the penalty of rashness or ignorance. A perfectly safe method is to support a smooth, white card, 
at the distance of about a foot from the eye-piece, and to focus the image of the Sun projected on it. The screen 
should be held in a covered frame-work or box, and the picture of the Sun viewed through a hole in one of the sides. 
If, on the other hand, the Sun is viewed directly through o dark-glass cap, a larger aperture than 2 inches cannot 
aifely be used in the heat of summer. <A stop made of a card, with a circular hole of 2 inches or less in diameter, 
should be fitted over the object glass of a larger instrament, to reduce the amount of light and heat transmitted: this, 
however, tends to reduce the sharpness of the definition. A special solar eye-piece can be obtained which enables full 
apertures to be used with safety. 

Observing Prominences, by the spectroscope. The edge of the Sun's image should be made to fall on the 
nearly-closed slit of the spectrosecope—which must be one of considerable dispersive power, The telescope should then 
be driven (preferably by clockwork) so os to keep the image in the same position, The spectroscope is next focussed 
on one of the hydrogen lines of the spectrum, and, on the slit being opened, the prominence will be seen. Good 
views may be obtained in this way, using a 3-inch telescope with a spectroscope having several prisms, 

Observing Sunspots.—In studying their motion across the dise from east to west (see note, p.39, as to direction 
in inverting telescopes), the position angle (p.5) of the Sun's axis requires to be taken into consideration, as the 
apparent path varies according to the time of the year, The spots only move in straight lines across the dise about 
June 5 and December 7, on which dates alone the solar equator is seen as a straight line on the dise, dividing it into 
two hemispheres, with the poles exactly on the limb, At all other times, one pole alone is visible—very near the 
limb owing to foreshortening—and the solar equator lies on one side or other of the apparent centre of the disc, and is 
eurved downwards or upwards, as are also the paths of the spots: maximum curvature northwards, about March 7; 
southwards, about Sept. 8. Sunapota take about a fortnight to traverse the dise from limb to limb,* and will reappear 
after the same interval if they survive, Naked-cye spots have a diameter not less than about 1/60th of the disc (31"), 

The variation of the position angle of the Sun's axis during the year (for the Worth pole) is about as follows :— 
Jan. 5, July 7, 0° Feb, 23, May 19, 20°W.] July 7, Jan. 5, 0° Aug, 28, Nov. 20, 20° E. 

» 16, June 26, 5° W.| Mar. 7, May 8 23° W.] ,, 19, Dee, 26, 5° E.| Sept. 8, Nov. 9, 28° E. 
op Ey ge: 18, 10°] 218), Ape. 26). 2. 30, 16, i0°E.| ,, 91, Oot, 30, 25° EL 
Feb, 8, June 5, 14° W.| April 8, we |= 26°42" W Aug. 13, Dec. 7, 14°E.| Och 11, ... 26°42°E. 
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Jan. 5 Mar? Ape. 8 aay 8 meee saly? Aug. 13 Bopt, 8 Oct. 11 Now. ec. 7 


The distance = eae visible pole from the linib hos oacemarily been etaggerated in the diagram. Wf, 6, indicate the line of the hoor cirela, 
A showing North in an inverting telesope—nearest the horizon in the 3. Hemisphere. In the 5, Hemiaphere, hold the book upside down, 


Near the times of the greatest inclination of the axis to the hour-circle, spots just appearing on the limb in the 
high spot-latitude of 45°, are, by the inexperienced, apt to be taken ns being near the poles. 

The number of degrees the solar equator is below or above the centre of the dise on various dates, is given in the 
Nautical Almanac, column B, ‘ Heliographic Latitude of the Earth,’ + indicating that the spot-path is curved south- 
wards, and — that itis curved northwards. The longitude of the spot on the surface can be found when it arrives 
half-way across the dise, from the column L,, ‘ Heliographic longitude of the centre of the disc,’ 

Observing the Moon,—With a low power, and a fnir-sized telescope, the glare of the Moon is very trying to 
the eye, and a tinted glass, mounted in the same way as the dark glass of the solar eye-piece cap, may be used, 
Reducing the aperture affects the sharpness of the definition. When the Moon iain perigee, the brightness is appreciably 
greater than when she is in apogee, the ratio being nearly us 4 is to 3. Dest-seen conditions of each phase, see p, 29. 

Observing Lunar Eclipses.—Mid-winter eclipses have the best altitude conditions, mid-summer ones the least 
favourable, for the reason given p, 29. First contact is always on the E, side of the dise, and through the telescope the 
Earth's shadow may be seen sweeping slowly across it, but the edge is not sharply defined. It should be noticed that 
from first to last, the ‘preceding’ edge of the umbra is always uniformly convex, unlike the dark terminator of the 
young Moon, which, though convex at first, daily grows less convex, till, at First Quarter, it is straight, and 
finally becomes increasingly concave, Similarly, the ‘following’ edge of the umbraisalsoalways convex. Phenomena 
that may be noted are the visibility or otherwise of the rays, and of prominent craters, &c., such as Aristarchus and 
Copernicus: also the variations of colour as the celipse progresses, on different parts of the disc. 


* Stonphurst discs, for meaauring the positions of sunapota and faculm by projection, can be obtained from Mesere Casella & Co., 
¥ Scientific Instrument makers, London. For the wethod of uaing them see ' Memoirs of the Brit. Astr. Asmn., Vol. XXIIL, Part HU. 
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Observing the Superior Planets.—In temperate latitudes, summer observations of these planets are always 
conducted under unfavourable conditions as to altitude; in winter, the altitude conditions are the most favourable. 
This results from the planets being alwaya near the Ecliptic, so that their highest altitude above the observer's 
horizon at culmination ia much the same as that of the Ecliptic where it cuts his meridian. At mid-summer, mid- 
night culmination ia at its lowest, and in mid-winter at ita highest. Thus observers in the Northern hemisphere, out- 
side the tropics, are better situated for observing the oppositions between October and March, than those in the 
Southern hemisphere, while observers in the latter are better placed for seeing oppositions between April and September, 

A curious effect of the two-year synodic period of Mars is, that for some eighteen months or so in succession, he 
is visible at some time or other every night, then becomes lost in twilight and daylight for some four or six months. 

The angular diameter, or semi-diameter, of a planet's dise on any date, will be found in almanacs; tlie dingram 
indicates, on a uniform scale, the range of changes, and relative sizes, of the disos, and the favourableness, or otherwise, 
of the size of the disc can easily be inferred by reference to the mean diameter, 


Saturn. Min, is” Manni Mar", Uranus. 3)". Mare, Min j” Mesn.18* Meanopp.10° Mar 25", Jupiter, Min,g0" Meamd0” Max, 00", 

Observing Mercury and Venus.—The most favourable seasons of the year are indicated on page 33, For 
Mercury, Southern observers have the best conditions, as his maximum elongation ocours when he is in 8. Declination. 

Observing Oceultations.—Beginners will probably be rather puzzled to know the direction in which the Moon 
will approach the star, owing to the varying position of the Moon's axis with respect to the horizon: the direction, 
however, is approximately at right angles to the line joining the cusps, or horns of the Moon. 

The Moon's mean hourly motion being fully 4", the rate of approach is about a quarter of the Moon's diameter in 
14 minutes, or the apparent diameter of Hipparchus in about 2} minutes, or of Copernicus in about 1} minutes. The 
time, however, is modified by the latitude of the observer, ce. 

Observing the Zodiacal Light.—As the axis of the Light approximately coincides with the Ecliptic, the most 
favourable conditions in temperate latitudes are when the Ecliptic is most nearly vertical to the horizon soon after 
sunset, or before sunrise, which in the evening is before the Spring equinox, and in the morning after the Autumnal 
equinox, of each hemisphere. The nearest approach to verticality is always when 6 hrs, R.A. is on the meridian (N, 
Hemisphere), or 18 hrs,, (5. Hemisphere); at that instant, too, both the direction of the lowest portion of the Light, 
also the verticality, are most easily found, aa the Eeliptic then intersects the horizon exactly due west and due east,* 
and its angle with the horizon is equal to the co-latitude of the observer plus 254°, 

The Zodineal Light proper cannot ba longer above the horizon than aix hours after sunset, or befora sunrise, as 
its extension from the Sun is reckoned as about 90°, but of course it will only be distinguishable for a much shorter 
period, twilight preventing observation for perhaps an hour after sunset, in the higher temperate latitudes; and tha 
haze of the horizon obscuring its faint extremity for long befors setting. For brightness, compare with Milky Way. 

The Table below gives the approximate dates and hours when the Ecliptic is most nearly vertical during the short 
observing season, Thedatesat the top are for the N. Hemisphere; those at the foot (in italic) for the 8, Hemisphere, 
The position of the foot of the Light on the horizon for threa or four hours after (or before) the hours mentioned 
is easily found, os its movement in azimuth westwards, may be taken as about 6° per hour, over that period ; 
similarly, the decrease per hour in inclination after (or before) greatest verticality is, roughly, 2°. 

Feb, 5 Feb12 Feb.20 Feb27 Mar. Mar.l4 Mar.92 |) Sept.22 Sept29 Oct? Oott4 Ovt22  Oct.30 Nov? 
9pm 830 8pm 730 Tpm 630 Gpm. || fom 630 Sam 420 4a.m. 330 3am. 
Aug.6 AngtS Aug2! Aug 29 Sept.é Septet Septe@1||Mares Mar3i Apr Aprié <Apr23 <Aprd0 May 8 

Observing the Milky Way.—The Milky Way circles round the Celestial poles once each sidereal day, its 
central line passing within 27° of the N.pole, in the W of Cassiopeia, and within 27" of the 8. pole, near a Crucis. 

In the N, hemisphere, in the latitude of Britain and the U.S A., 1t passes through or near the zenith during the hours 
when B.A. 22 hrs, to 4 bra. are on the meridian; thereafter it approaches the horizon, till, when R.A. 13 hrs, is on the 
meridisn—and for some time before and after—it lies so close along the N. horizon for most of its visible length that it 
is hardly observable, after which its altitude begins to increase again, The Cassiopeia-Argo section is visible to its 
maximum extent when R.A. 8 hrs, is on the meridian, and the Cassiopeia-Scorpius section when R.A. 16h, is on the 
meridian, but the portions near the horizon are not well seen, For favourable observing times, consult. Table p. xiv, 

In the S. hemisphere, in the latitude of Cape Colony and Southern Australia, the corresponding phases are:—over- 
head, R.A. 10hrs. to 16hrs,on the meridian; on the horizon, R.A.1hr. on the meridian, The Crux-Cygnus and Crux. 
Perseus sections are visible to their maximum extent when R.A. 20hre. and R.A. 4hra., respectively, are on the meridian, 

# * The compase-direction requires correction for the magnetic variation; see 1l-inch Government Mapa. 
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Observing Variable Stars.—The ‘variable’ is compared with neighbouring stara of similar brightness 
and of known magnitude, ‘T'wo comparison stars are found, one rather brighter than the variable, the other slightly 
fainter; the magnitude of the variable will be between those of the comparison stars, and the nearer their magnitudes, 
the moreaccurate the result. Except for rough estimates, a catalogue of magnitudes is required, or a special star chart, 
such as those for Nove and interesting variables given from time to time in the British Astron. Association Journal, 
or ‘sequences,’ t.¢,, lista of standard stars, arranged in order of magnitude for this purpose. 

The dates of maxima and minima are recorded by the Julian Day (J.D.)"—which begins at noon, not midnight, 
(p.9}—and decimals of a day, but observations cannot always be made, as the date may fall when the star is near the 
Sun, or during moonlight, The annual B.A.A. Handbook gives useful observing information, dates of maxima, de. 

It is important, where possible, (a) to observe the star when at its higheat altitude; (6) that the comparison stars 
be about the same altitude, so that atmospheric absorption (see below) will equally affect their magnitudes; (¢) that 
they be as nearly as possible similar in colour to the variable, as it is very difficult to estimate correctly the real 
relative brightness of two stars differing widely in colour, as, for instance, in the ease of Betelgeuse and Rigel. For 
a curious optical phenomenon—known as the Purkinje Ayfect—comes into play, namely, that if red and green 
lights, appearing equally bright, are increased or decreased in the simé ratio, in neither case will they now appear of 
equal brightness; the red will seem the brighter when the light is increased, but the green when the light is decreased. 

Estimating Magnitudes: Atmospheric Absorption, —For accurate valuation of the magnitudes of bright 
variable stars, if the comparison stars are not about the same altitude, allowance must be made for the difference, aa 
atmospheric absorption diminishes the brightness (apart from haze) by approximately the following magnitudes:— 








Zenith distance. 47" | 5a" | 64" | GO" | FI" | 7s Ts" | 77° | 79° | 80" | 84" | 86" | BS" | 89° 
No. of mags, diminished. | Jyeh | sfythe | 2ythe | fythe | ofths | giethe | Gotha | gfythe | %sthe | Tmag.| 1}. | 2m. | 2hm. 
Altitude above horizon. | 43" | 32" | 26° 21° 19" | ete 18" | 18” | 1° | 30" | 6 FO Ss 





























Comet Seeking.—In searching for comets, a telescope of fairly large aperture and of short focal length, with an 
eye-piece of low power having « large fleld of view, should be used. The observer should slowly ‘sweep’ (1.¢., move 
the telescope in a horizontal direction) for some distance, a careful watch being kept all the time, At the end of 
the sweep the telescope is slightly raised or lowered, and an overlapping sweep is taken in the opposite direction, 
This process is repeated continuously. Should a nebulows-looking object be noticed, the comet-hunter must look in 
his catalogue of nebulm to see if the object can be identified. If not, he should draw a careful sketch of ita position 
among the neighbouring stars. If in the courae of time any movement can be detected, and the place of the sus- 
pected object does not agree with that of any known comet, its position should be determined as accurately as means 
will allow, and o telegram giving particulars should be sent to Greenwich (or the corresponding) Observatory. 

Observing Transits,—There are four contacts: external contact, at ingress and egress, i.¢,, entering orleaving 
the Sun's or planet's limb; and infernal, when entering completely on or beginning to depart from, the disc. 

The Black Drop, seen at internal contact when Venus (sometimes Mercury) is just touching the Sun's limb, is a 
curious drawing-out of the planet's black dise to the Sun's limb, ina broad band or ligature, which gives it the appear- 
ance of a drop of black ink hanging internally from the Sun's limb. In a few seconds the band contracta, then breaks: 
this renders the instant of internal contact uncertain. A very narrow brilliant circle of light is sometimes seen sur- 
rounding Venus near first and last contacts; it is probably due to sunlight refracted by her atmosphere. 

Observing Nebul#.—These faint objects lose least light by atmospheric absorption when near the zenith, henea 
those showing « preference for the Galactic plane are moat favourably situated when the Milky Way is nearly overhead, 
but those showing « preference for the Galactic poles, when the Milky Way lies near the horizon. Suitable times for 
observation can be found by the notes on p. 11, along with the Table He Sidereal Time on p. xiv. 

Observing Earthshine,—The degree of visibility of the outlines of the Maria, and of Aristarchus, Copernicus, 
and other prominent craters, affords a good index of the state of the atmosphere. The thermometer and barometer read- 
ings, and direction of the wind should be noted, as meteorological conditions have some influence on the brightness, 

Observing Nov#.—The following changes generally occur in the spectra and colour; there may be considerable 
variations from the normal, some stages missing, and individual peculiarities, I.A,U. Notation (1922, 1928) below. 


1. Continuous spectrum +» White | 5, Hydrogen linea brighten np: Red | & Star now « planetary nebula, 
2. Hydrogen lines double: bright & dark linea: ,, | @ Hydrogen lines fade: ... Orange | 9 Nebula lines fade: spectrom 
3, Lines widen: continuous spectrum fades. 7. Nebula lines more prominent now faintly continuous, 
4. Nebula lines appear : -- = Yellow than hydrogen ones, ... Bluish | bright Wolf-Rayet bands, 


Qa; absorption lines and bright bands (faint). Qb; stronger absorp, lines (mainly enhanced metallic, many double) and bright 
bands. Qe; absorption metallic lines of 0, V, We, enhanced metallic lines predominating. Qd ; as Qc, but gaseous lines predom- 
inating. Qu; broad nebulous emission bands near AMS, 4515, 4640, Qx; bright bands (enhanced @, .V, He); absorption lines faint, 
Qy; a5 Qs, bright nebular bands, Qz; bright nebular and weak Wolf-Rayet bands, Qz-05; as Qz, Wolf-Rayet bands strong. 

Combination spectra indicated by combining the small letters, placing the moat prominent first, 


* Sometimes J.A.D.—Julian Astronomical Day. 
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Observing Meteors.—Showers from radiants within or near the circle of the ‘always-seen’ stars of any locality 
are observable all night, more or leas, but the observing interval shortens as the distance from that circle increases, 
until, for the more remote, should the culmination-hour be many hours after midnight, the shower is never observable 
from that latitude except for a few hours before sunrise, Thus the November Leonid shower is only a morning one 
as the radiant culminates about Ga.m., and only rises about midnight, Some meteors from a radiant just below 
the horizon may be visible, however. The possible observing-hours can be found from the star Table on page xiv. 

The following are the important points to note:—Date; Greenwich Mean Time (G.M. T., U.T.) of appearance ; 
R.A. and Dee, of beginning and end of flight, and duration in seconds; colour and stellar magnitude, stating comparison 
star; path, if straight or wavy; streak or train, if any, and the colour, duration, direction and speed of drift; 
any other notes. A streak is the faint, phosphorescent narrow band, sometimes coloured, which endures for o 
time along the path of some meteors: a train, a spurk-like and usually quickly-disappearing appendage. ‘The R.A. 
should be stated in degrees (see conversion Table helow), and the observation communicated to the Director, Meteor 
Section of the British Astronomical Association, London, or to the American Meteor Society. Cambridge, Mass, 

For counting seconds, the well-known photographie rule ‘One, two, three, ONE; one, two, three, Two; &c.', pro- 
nounced rapidly but distinctly, gives very near results. 

Listof Important Showers.—Tho Radiant position may change a degree or two on successive days, and a 
look-out should be kept before and after the dates given, a3 leap year adjustments cause small variations, For 
a Radiant on every night of the year, see B.A.A, Handbook, 1922; and list of 1000 radiants, Mem. .A.S8., vol. 53, 

The column headed ‘Cul. gives the Radiant's approximate hour of culminstion on the central date, ‘a' denoting a.m.; ‘p' p.m. 










Date. Shower. Cal... - ua Speed, &c. Date. Shower, Cal br seyy Speed. dc. 
Jan, 2-3 | Quadrantids © | 935°15 30 | 53°s| Medium. || Ang, 10-19| Perselda? ©) “45°— 3 “0 | 57's | v, swift, 

oy 17 | © Oygnida 1%} 995" 19 40 | 69° x | slow, trained. || ,,12-Oot.2| *Aurigids | 74" 4 56/42" y | v. swift, streaks. 
Feb, 5-10) sAurigids 8") 75° 5 0) 41°s | ¥al,fireballs, || Aug-Sept.| Lacertids 12” | 330° 99 5 49" |, medium, short, 
Mar.10-12| { Bottida | 918° 14092 | 19° | swiftstreaka, || ,, 10-20) «Cygnids 20? | 209° 19 99 | 54° | » bright, 
Apl, 20-22} Lyrids | 71" 18 «| 93°45 flo » 21-83) ¢-Draconids 8? | 991° 19 24) G0" » | v.slow; maz. 1572, 
May 6 | YAquarids 1°) 334° 9216) 9°68 || v.awift?. » S1-31/F i» hed 


; 203" 17 | 62° y | slowish, bright 
» 11-24) ¢ Heroulids 2*) 247" 14 98) 28" w | awift, white. || Sept. 7-15| ¢Perseids ©) @1° 4 4| 35° x | swi : 


: swift, « 
» 20 n Pegaaids © | 399° 2212 | 87°N | ¥. ew. atrealks || Oct, 2 Quudrantids 3 || 9- 


June 2-17) oScorpiida 18) 259° 16 62| 22's | viel,fireballs || |, 19-93) *Arietids 1) 43° g 48| 21° | v. slow, fireballs, 
» 27-30) « Draconids 9°) 238° 15 12) S7°w | v. slow 4. » 18-20) Orionids | go" ¢ 8| 15°» | swift, strenka. 
» sept} y do = 9) 260° 17 54) 48° | slow, trained, || ,,.30-Nv,17| + Taurids 1* | @4° 4 10| 29°y | slow, fireballs. 

July 18-30 }« Cap'cornidslt | 304" 20 12) 12 a) veal, bright® || Nov, 3-15; 6 1) 55° 3 40/| 13° 9 | v, slow, bright. 


» -Ang | aCygnids 12] 915" st 0/45 »| aw. lastlong.|| ,, 13-15| Leonida® © | 150° 10 0| 22° wy 
» 25-Au.4) o-§ Porswida 7) 45" 312/43 »/ v.aw., strenka » 17-27| Andromedida 107 | oF vy, slow", (33}yra 
» 25-30| 6 Aquarids 2°) 995°22 56) 11 ¢ al.,long paths. |} Dec, 10-12) Geminids * 112°= 7 88) 33" w | med'm, white, rich 
Notes, "Tho Perseids are visible during July and Ang. {a rich display, max. Aug. 10-12}: the radiant moves from about 
2 +41 to 68" +61" (Androm. to Camelop,), ?The Leonidas, or November metoors, are seen at their best about every 23 years: 

plentiful in 1799, 1833, and 1866, but the 1900 display was not brilliant owing to the disturbance of their orbit by Jupiter. 
* Long paths, before sunrise; Halley's comet. *Pona-Winnecke's comet. *Comet 1881 V. ° Biela's comet. 
R.A. Hours & Minutes converted into Degrees, or vice versa; 1 min. = 4", (Reads continuously across page). 
Om. 4m. 8m. 10m. 12m. 15m. 16m 20m. 24m. 28m) 24 (30m. 32m. 36m. 40m.44m. 44m. 48m.50m. 52m. 56m, on 
I*| a | 2°) 3° | apy) 4°] ost) 6 | b g”| 10°) 11"; 119" | 12°) 22h") 18") 14" 


1G | 17 | 17g) 18 | 1 19 | 20 | 21 | 2 24) 25 | 20 | Shi) 27 | 274 | 28 | 20 
‘Sl | 32 | 329) 33 | 337) B4 | 35 | 36 | aT 


v. swiit; period 





| 30 | 40 |) 41 | 414) 42 | 485) 48 | 44 
45 | 487) 49 | 50 | SI 2 7 | o7 68 | 50 





b4 | 65 | 56 | BG} 


oma aoe Ne oS 








0 

1 

2 

3 
61 | 62 | G4) 63 | 637| G4 | O65 | oa | AT La 69 | 70 | Tl | TIE] 72 | 72h) 73 | 74 
7a | 77 | 774) 78 | Fad) 7 | 80 | 41 | Be | 5 84 | 85 | Ba |) Bet] 87 | BTE] 88 | BO 
1 02 ie He 937 Ba | 665 oe | OT 6 BP | 100 | 101 |101 | 108 lan 163 | 104 
106 | 107 | 107)! 108 | 1089/ 109 | 110 | 111 | Ie) 7 114 | 116 | 116 | 176) 117 | 117%] 118 | 118 
127 | 2S | 1228) 188 | 1839)| 184) 196 | 196) 127) 8 12) | 180 | 131 | 131g) 132.) 124) 133 | a4 
136} 187 |1a7h| 138 |1384] 139 | 140 | 141 | 149) 9 144 | 145 | 146 | 1464] 147 |1474| 148 | 148 
Lhl | 152 | 1594) 193 | 1632) 184) 85 | 1h6 | tt 10 159 180 | DAL | 260d) 168) 162d) 163 | 164 | 10 
166] 167 | 1874) 168 | 1689) 169) 170 | 171 | 172) 174 | 175 | 176 17 Liv |} 1774) 178 | 170 | Tl 
151 | 182 | 1694| 183 |1832| 184 | 185 | 186 | 187) 19 189 | 190} 191 |191}) 192 | 192$) 193 | 194 | 12 
106 | 197 | L074) 198 | 1989) 199 | 200 | 201 | a02 | 13 | 204 | 205 | 206 |2003) 207 | 2074) 208 | 208 |13 
211 | 212 2124) 213 | 213 | 214 | £15 |. 216 | 817 | 14 | 210 | 290 |: 221 | Bele) 222 |} ope) | 2s | aed 14 
aag | 997 | 997%) g28 |9284| 299 | 90 | a1 | a32 | 15 a34 | 235 | 236 | 236) ally 338 | 239 | 15 
B41 | 242 | 9491) 243 | 9499) G44 | 945 | 246 | B47 16 240 | 250 | S51 | 257} | 252/262) | 253 | eh | 16 
a6 | S57 }2h74) S68 | 28}! eno BHD | Sal | She) 1T | 284 | 205 | 266 | S66)) 267 | 267 208: Sao IT 
271 | 2Ts \a79 a72 273: 74 | 275 | 876 | S77 | 18 270 | 250 | 251 | s814| 282 BH24| 28a | 2h4 | 18 
296 | 987 |2874| 984 |g8aq| esq | 200 | go1 | ane | 19 24 | 205 | 296 | 906)| 207 a4) 28 260 19 
SO] | 302 | 3024/3038 | 3034) 304) 305 | 306 | B07 20 BOG | BLO |} B11 | S114) S12 3124) B13 | Sl4 20 
316 | 317 (3174) 318 | 3182) 319 az] | a22 | 2) S24 | 525 | S26 | S262) 327 3274 | 328 | 320 | 21 

a 


331 | 332 |332)! 933 |8993)| ag4 | aa5 | ase | 297 | 8 | 380 | 940 | $41 | S41}| 849 |d4eh) aaa | a44 | 22 
| 348 |348$| 349 | 350 | 851 | 959 | 93 lane, a5a | 354 | 356 | ase |a0e}| 357 S574 | 355 | 359 | 23 


* List of S. Hemisphere Radinnts, see MON,, vol. 05, p. 709, 1035, 
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Observing Aurore (see also p. 38).—Those in favourable latitudes should watch during the more active portion 
of the sunspot period, or when thera is considerabie solar activity, especially near the equinoxes, 

Arce and Bands stretch across the sky, and may have considerable persistence; the latter appear like portions 
of arcs. Rays or streamers seem to flicker, and are more or less radial to the band or are; Beame are long bright 
rays, of exquisite green or red, like search-lights. Cuwrteina have curious convolutions, and are more or less parallel 
to the horizon, the lower edge being most continuons, Patches are isolated oval or globular arena resembling faint but 
quite transparent clouds; Dijfues Aurorm are large areas, often coloured, with no definite outlina. Corona, rare, but 
exceedingly fine, are large starfish-shaped ovals, with dark centre, from which bright narrow flickering bands may ex- 
tend to the horizon. The Dark Segment is the gloomy portion of the sky beneath the arch or streamera, in which the 
stars may be hardly or not at all visible. Various types may be seen during a display. 

In N. temperate latitudes, the centre of disturbance is in a northerly direction—not necessarily in the direction 
of the magnetic pole, as is often supposed; a pateh, arc, or corona may be overhead, or even south of it, Rays often 
appear to flash or flicker, and in arcs and bands « flickering from side to side is sometimes seen—not always in the same 
direction—and portions may suddenly brighten up and become centres from which the disturbances appear to travel. 

The chief points to notice are the type, colour, brightness as compared with the Milky Way, height of lower edge 
above the horizon, and width; direction of the centre of the disturbance (allow for ‘magnetic variation’ of the compass), 
and times of the various phases. Also note the barometer and thermometer readings, and direction and force of the wind. 

The angular breadth and length of persistent arcs, bands, and patches, should be carefully gauged by reference 
to the distance between neighbouring stars; also the angular distance, from well-known stars, of the upper and lower 
edges, The notes should be repeated at intervals, the times being carefully noted, a# the height and distance of the 
aurora might be calculated from simultancous observations (send notes to the B.A.A., Aurors Section, London). 


VII. THE CARE AND USE OF THE TELESCOPE. 
Astronomical Telescopes are of two kinds—refracting and reflecting. Both varieties are rated according to their 
‘aperture,’ as the clear dinmeter of the large lens in refracting telescopes, or of the mirror in reflecting telescopes, is called. 

The larger the aperture, the more powerful the telescope in ‘li ght-gathering’ power, 1.¢., in rendering visible faint 
objects; and, as this power (theoretically) increases In proportion to the square of the diameter, a telescope of 5 inches 
aperture is twice as powerful as one of 2 inches, while a 4-inch has nearly twice the power of a 3-ineh, or four times 
that of a 2-inch (actual ratios, 4, 9,16), In refractors, however, the theoretioul power falls off rapidly with increasing 
diameter, the ever-thickening object-glnes absorbing more and more light, though reflectors under 10 ins. are not quite 
so powerful as refractora of equal size, For astronomical purposes, a 3-inch telescope is about the smallest that can ba 
used with satisfaction, though pleasing views of many objects may be obtained with smallor telescopes of good quality. 

Diam, Object Glass (clear aperture)lin, ljin. Qin. 2hin. Jin. Sin. 4in. 4fin. Gin. Gin. Sin. lWOin. 12in, 

Closest star divided (approx. ) 45g" 204" 238" Dee" Lae” 130" bla” 101" O91" O76" OST" O46" O-DB" 

Fainteat starshown ( , Jmag 90 99 105 110 1l4 117 120 123 125 129 135 MO 144 

THE REFRACTOR essentially consists of two convex lenses—(i) a large one of considerable focal length, known 
as the object glass, which forms at its focus an image of the distant star or other object, and (ii) a small lens of much 
shorter focal length: this is called the eyepiece, and is used to magnify the image formed by the object glass. 

The Object Glass is the most important part of the refractor, as its excellence depends on the accuracy of the 
curves of the lenses, the highness of their polish, and their transparency, In all astronomical teleacopes worthy of 
the name, the object glass is ‘achromatic’; that is to say, it is composed of two (sometimes three) lenses of equal size, 
but made of glasses of different density. These are so proportioned as to form an image almost free from the false 
coloura which are inevitably present when a bright object is viewed through an object glass consisting of a single lens. 
A good object glass requires to be treated with the most scrupulous care, Follow carefully the notes on p. 49, 


THE REFLECTOR —In this form of telescope a large, concave, parabolic-curved mirror takes the place of the 
object glass of the refractor. The large mirror ia held in a cell at the lower end of the large tube, The rays of light 
from the object pass down the tube and are reflected back. The reflected, convergent rays are intercepted— 

(1) In the ‘Newtonian’ form of telescope, either by a small, elliptical, plane mirror (‘flat’), or by o right-angled 

totally-refleating prism, which reflects them nt right angles through the side of the telesoope to the eye-piece, 

(2) In the *Cassegrainian' form, by a small convex mirror, which reflects them back again, through « hole in the 

centre of the large mirror to the eyepiece ; or (3) in the ‘Grogorian’ form, by a small concave mirror, 

The Newtonian and Cassegrainian forms, like refractora, give an inverted image; the Gregorian, an erect image, 
The Cassegrainian form gives a greater focal length and larger image than Newtonians of the same aperture and length, 
butits field of view is smaller and the image fainter, Great telescopes are sometimes designed to use both formas, 

Mirrors are usually made of glass, on which o film of silver is deposited chemically ; this ia very easily tarnished (p49), and 
vaporised aluminium is now often used, which is about as efficient an fresh silver, lasts years with little deterioration, and refiecta 
the ultra-violet rays and blue end of the spectrum better—of great advantage photographically—but the red and infra-red rays 
jess efficiently, Stainless stee! mirrors last well, but only give 65% efficiency, compared with the 90% average of fresh silver, 

An unsilvered glass mirror and ‘flat '"—which reduce the sunlight and heat reflected by some 90%—enable solar observations 
tr be made with fairly large apertures, giving improved definition ; a dark glass or solar eyepiece, however, is still necessary, 
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Eye-pieces.—These are used to magnify the image formed by the object-glass or the large mirror. For very high 
powers, and in special cases, a single lens is sometimes used to minimise loss of light, but generally an eye-piece 
consists of two lenses—a J ied lene, furthest from the eye; and an Aye lens, nearest the eye. These are mounted in 
a short tube which screws or, preferably, slips into the focussing-tube of the telescope. 

Positive and Negative Eye-pleces,—Eye-pieces are of two types:—/(a) Positiw, in-which the image-plane is 
outside the eye-piece—between it and the object-glass or mirror—so that it can be used with a micrometer. (4) Negative, 
which cannot be employed with a micrometer, as the image-plane lies inside the eye-piece. 

Inverted Image,—All astronomical eye-pieces show the object inverted (unless used with Gregorians), but this 
is of no disadvantage in practice, To make the object appear right way up requires additional lenses, or prisms, which 
absorb light, making the image fainter with no compensating gain, Among many varieties of eye-pieces are the:— 

Huygenian eye-piece (negative)—The most common form, two plano-convex lenses having their flat surfaces towards the 

eye. Note that, though negative, fine cross-wires can be inserted on its diaphragm, at the focus of the eye lens, for use in 
a “finder” (p. 46), or for “guiding” in celestial photography—using cement, or threading through small holes. 

Ramsden eye-pieoe (positive).—T wo plano-convex lenses with their plane faces outward. Field of view “flatter” than that 

of the Huygenian, te., not so blurred round the edges when the centre is sharply focussed. Performs well on planets. 

Tolles Solid Ocular (negative) is practically a Huygenian eye-piece mode out of a single gloss cylinder, the foci of its 

eurved ends falling inside it, Transmits more light than the Huygenian, and gives very good definition when well made, 

Orthoscopic eye-piece (positive) contains a triple field lens and « simple eye lens. It yields a flat field free from distortion, 

and is specially recommended for medium and high powers. (‘Orthoscopic’ means giving a correct image.) 
Kellner eye-piece (positive). A convex or plano-convex field lens with a much smaller over-corrected plano-convex achro- 
matic eye lens. Field very large, colourless, and ‘orthoscopic'; low powers are suitable for comets and scattered objecta, 
Monocentric eye-piece (positive)—A triple cemented lena, particularly recommended for the critical study of lunar and 
planetary detail, as it gives exquisite definition, and freedom from ‘ ghosts’: ita small field is its weal point, 

Barlow Lens.—A concave or concaye-meniseus lens of about 3 inches negative focal length, mounted in o ahort tube—made 

a sliding fit—inside the eye-piece draw-tube, and placed behind the object-glass or mirror, 4or 5 ins, from the eye-plece, 
lt increases considerably the focal length of the object-glass or mirror, giving an image of double the size, more or leas, 

according to ita distance from the eye-piece, This valuable device, at the cost of a slight loss of light, and a tendency to form 

‘ghosts, gives a flatter field and an increase of the powers of all eye-pieces used, thus doubling the set at-small expense. 

The magnifying power of a telescope depends entirely upon the ratio of the focal length (f,) of the object- 
glass to that of the eye-piece (/,), the formula being /, +_/, ; thus, with an object-glass of 36 inches focal length, and 
an eye-piece having a focal length of } inch, the magnifying power will be 72 diameters, or “ power 72” as it is termed. 
Note that, as the power is increased; (a) the image gets fainter, and the area included less; (6) stars pass more quickly 
across the field; and (c) the atmospheric disturbances are alao magnified, as well as any vibrations of the stand or ground, 

Tt is advisable to have at least three eyé-pieces of different power :— 

(1). One of low power with a large “field,” (that is, ahowing a considerable area of the sky), for viewing comets, large and 
scattered clusters, and extended nebulm, magnifying § or 10 times per inch of aperture. Thus, on a 3 in, telescope 
the power may be from 25 to 30, or fora 4-inch, 32 to40, For averageeyes, aperture x 4 gives Jowest useful power. 

(2). One of moderate power, magnifying 25 or 30 times to each inch of aperture = 75-100 for a 2-inch, 100-120 for a 4-inch, 

(3). One of high power, magnifying 50 or 60 times to each inch of aperture =150-150 , » 800-840 ,, = 

When experience has been gained, the observer may sometimes use eye-pieces of still higher powers—the extreme 
limit of useful power being about 100 diameters per inch of aperture—but, as a rule, to advantage only on close double 
stars, when the telescope is of fine quality, and atmospheric conditions most favourable, Such nights are very rare, 

To find Focal Lengths,—(a) Object-glass or Mirror, Remove the eye-piece and stretch a piece of semi-transparent 
paper over the end of thedraw-tube, Point the telescope at the Moon, and focus her image on the paper screen ; the 
measured distance between the back of the object-glass and the screen—in Newtonians, between the centres of the 
surfaces of the large mirror and flat, and thence to the soreen—is, for practical purposes, the focal length required. 

(6) Huygentian Eye-piece—Divide twice the product of the focal lengths of the two lenses by the sum of their 
focal lengths ; the quotient is the focal length of an equivalent singie lens.* 

To find the Power of an Eye-piece.—Make a seale with plainly-marked equal divisions, Set this ap ata 
considerable distance away, and, holding both eyes open, view the scale through the telescope with one eye and 
directly with the other. The number of divisiona on the scale, covered by the magnified image of one of thom, is 
equal to the magnifying power of the eye-piece used, For low powers, a distant brick wall will serve as a scale, 

Another method.—Foous the telescope on a star. Next morning, without altering the foous, point the telescope 
to the bright sky. When the eye is placed about 10 inches behind the eye-piece, there will be seen a small, clearly- 
defined diso of light, Measure the diameter of this disc by means of a Berthon Dynamometer (see p. 47) placed 
against the eye-piece—a pocket lens, of low power, should be used as an aid in doing this, The magnifying power of 
the eye-piece is found by dividing the clear diameter of the object glass by the measured diameter of the bright image, 

To find the Diameter of the Field of an eye-piece, observe how long a star situated near the equator (for 
instance, 6 Orionis, or y Virginis) takes to pass centrally acrosa the field from one side to the other. This time, expressed 
in minutes and seconds, when multiplied by 15, will give the diameter of the field in minutes and seconds of arc, 


* When the distance apart of the lensen d fs equal to half the wum of their focal lengths, (f,+/,)+2; the Rev, 
W. F, A. Ellison points out that ns this distance is not always kept to, the correct formula for all eumbinations is ri Focal length= PG 
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TESTS. 

The actual performance of a telescope on a celestial object is the only really satistactory test. Seen through a 
telescope bearing its highest power, a fixed star of the second magnitude should appear as a minute, well-defined, 
circular diso of light, almost a point, and surrounded by one or two thin, concentric, bright rings. There should be 
no false rays of light, and the rest of the fleld should be uniformly dark. The telescope should not, however, be con- 
demned too hastily, as an inferior eye-piece, or the state of the air (sea p. 39), may be responsible for apparent defects 
in the object glass. A close double star with very unequal components forms a most severe teat. A telescope of the 
finest quality should separate a double, consisting of two 6th magnitude stars, whose distance from centre to centre in 
seconda of nrc ia equal to 4-56 divided by the aperture expressed in inches. (see Table p. 44}, 


ACCESSORIES. 

Stands.—Muoch depends upon the rigidity of the telescope stand, and good observations must nob be expected 
from the open window of an ordinary room, ag the vibration of the floor, and the mixed currents of air, set the 
object being viewed dancing. For small telescopes, the ordinary, alt-azimuth, tripod 
garden stand ix most convenient. An iron pipe of about 4 inchea diameter, partly 
sunk in the ground, and rammed full of clay to deaden vibration, forms a good support 
for a telescope of moderate size, 

The Equatorial Stand is of enormous advantage, but ia rather expensive. It has 
one of the pivota, or axes, which carries the telescope, directed towards the celestial pole, 
(being adjustable for latitude), The result is that a star may be followed by a single 
circular movement of the telescope, instead of the instrument having to be moved both 
in altitude and azimuth. A make-shift is to screw to the stand top a wooden block cut 

off at an angle, as shown in the illustration (A), and which has a V-groove, with sides at 
an angle of 60°, cut along the inclined face, for receiving the pillar. The claw legs of the 
stand, folded up, will act as a counterpoise, and two or three screw clamps will keep the 
pillar firm, A piece of hard wood (not shown in the illustration), also V-grooved, should 
be interposed between the point of the screws and the pillar, to prevent damage when 

+ tightening up the screws. A somewhat simpler construction is to hinge this upper block 
YT) at one side to the lower block, and pass the screws through both blocks at the other 
ii side, as shown in the illustration at (B), 

The eeats of the eee top, from the vertical, must be the Intitude of the observer subtracted from 90°. Thus, 
for latitude 52° it will be 90°-53" =38", 

Finder.—A finder is a small telescope fixed by supports to the body of the larger instrument. When high 
powers are used, this adjunct is a necessity, and in all cases it adds much to the comfort of observing. The finder 
may be roughly adjusted by day on o distant weather-cock or some other definite object. To improve the adjustment, 
bring the polar star into the centre of the field of a low power eye-piece on the large telescope; then alter the diree- 
tion of the finder, by means of the adjusting screws, until the star image is in the centre of the field of the teleacope, 
and also bisected by the cross wires of the finder at the same moment. Now replace the low-power eye-piece by one 
of high power, and perfect the adjustments in the same way, For small telescopes up to 3-inch, ‘sights’ similar to 
those on rifles can be arranged (painted white), which will be found of some service, 

Dew-cap.—To guard against the deposition of dow on the object glass, make a tube of tin, cardboard, or some 
‘uch material, about 9 inches or 1 foot long, and of such a diameter as to fit closely, but not too tightly, on to the 
object glass end of the tube. The inside of the dew-cap should be covered with black velvet, or painted with a 
mixture of lamp-black and size, Elack blotting paper is also suitable. 





Star Diagonal.—An L-shaped tube containing a right-angled totally-reflecting prism. One end of the fitting 
acrews into the focussing-tube of the refractor, while the other end is screwed to receive an ordinary eyepiece. Its use 
prevents awkward positions of the body when viewing objects at high altitudes, but results in some loss of light and 
definition. .A special diagonal is made for the Sun, which only requires a light shade ginss (see note on p.49), 
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Berthon's Dynamometer (or measuring gauge) is a little instrument used for measuring the diameters of 
small objects. It has two flat metal sides, the internal straight edges of which meet towards the end, and are inclined 
toeach other at «small angle. One of the edges is graduated from 0 to yo Of an inch. The figures on the scale 
denote the width of the gap between the two straight | a= 
edges. To measure the diameter of any small object | 
by means of this little appliance, it is only necessary 
to see at what part of the scale the object just fills 





the space between the internal edges of the gauge, fi BEATHONS Dynamomeven, "© Poon OTe 


and then take the reading from the scale. The 
seale is divided into 20 long divisions of 01 or 1/100ths of an inch, These are subdivided into five parts, each equal to 
‘002 or 1/500ths ofaninch. The first two long divisions are again divided into parts equal to 001 or 1/1000ths of an inch. 

Telescope House.—A tall folding clothes-horse, with a sheet fixed to it, and stayed by tent-ropes, forms a fair 
substitute, which will, to some extent, shield the telescope from vibration by the wind, and add to the observer's comfort, 





TO CONSTRUCT A SIMPLE EQUATORIAL OR ALT-AZIMUTH STAND. 
By following the directions and studying the diagrams given, any handy amateur, with the aid of a few simple tools, 
will be able at a very low cost to construct an efficient equatorial or alt-azimuth stand for a 3-inch or smaller refract- 
ing telescope, If made on a larger scale and of considerably thicker materials, the equatorial head here described, 
mounted on short, strong, fixed legs, would do equally well for a reflecting telescope of moderate size. 

The Legs.—Take 5 deal boards about 6 to 04 fest long, 5 inches wide, and 1 inch thick. Mark a point 2 inches 
from an edge at one end of the board and another point 3 inches from the aume edge at the other end. Join the 
points found with « straight ling and-saw along it. This will divide the board into two equal flat pieces, each 1 inch 
thick, and tapering from 3 to 2 inches in width. These two pieces are joined together at distances of 1 inch and 
f inches from the narrow bottom end by 1]-inch screws (No. 9 or No, 10, about , inch diameter). The two laths 
are kept apart by blocks of hardwood cut from a pieces having « 2 inch square section, and held in place by screws, 
Thus the leg is formed as shown in Fig. 1, which is on a scale three times less than that of Figs. 2,3 and 4. The 
lathe should not be screwed together until the brass plates mentioned later on have been fitted. A metal plate (p) 
sawn or filed to a biant point, may be screwed to the inner aide of the foot, with the point projecting. 

The Top of the Stand.—This is best made from an iron casting, for which s wooden pattern will be required, 
The pattern is made of finch mahogany fretwood, cut to the shape shewn in Fig. 2, and strengthened by having 
# 4-inch bevelled disc of the same material glued and gerawed on to it, so that the central part is } inch thick. Esch 
of the three projecting parts of the cnsting is 
either drilled with two }-inch holes, each J-inch 
distant from the S-inch edge, to receive J-inch 
bolts, or, as an alternative, ,',-inch holes may 
be drilled, and tapped j-inch Whitworth to 
receive metal screws. <A @-inch hole is drilled 
through the exact centre of the disc. Instead 
of the casting, a piece of tough, hardwood, 
such as beech, cut to the same shape, but at 
least 14-inches thick, may be used. 

The Leg Pivots.—Cut « 12-inch length 
of }-inch sguare brass bar into three equal pieces. 
In a lathe, turn half-an-inch at each end into 
a blunted cone (C, Fig. 2), the small outer end 
being j-inch in diameter, If no lathe, file the 
ends to the same shape as carefully as possible. 
These bars are now drilled with Linch holes to 
oorrespond to the holes in the top, and are then 
screwed or bolted tothe underside of the iron top. 

The Hinge Plates.—To the top inner side, and towards the hack of each of the laths forming the legs, is firmly 
screwed a flat, brass plate, 4 inches long, | inch wide and ,',-inch thick (Fig. 2, F, and side view), The plate is flush 
with the top of the leg, which is rounded off at the outer top corner, and has in it near the top a j-inch hole slightly 
eniarged, and coned to fit over the conical pins at C, Bisa }inch bolt 6} inches long, having a nut, bearing on 
a washer, which out on being screwed up makes the hinge firm, and adjustable for wear, 
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The Equatorial Head (Fig. $).—For this some pieces of oak or strong hardwood a full inch thick are required. 
The base is circular, and has, centrally fixed by screws in a recess in the bottom, plate with a 4-inch Whitworth 
tapped hole, to receive a screw which clamps the head to the stand. This plate might be fixed in a recess on the 
upper side of the round base before the angle piece next referred to is fixed in position. 

Fixed to the base is the trapezoid or angle piece of 1-inch wood (T). Strong glue and 24-inch No, 12 screws should 
be used for fixing the parts. The top of this piece must be cut off at such a slope that the angle which it makes with the 
base is equal to the latitude of the place where the stand is to be used. A piece of wood 8 in. x3 in, x 1 in. is scrowed 
to the top of the trapezoid piece, and the whole is strengthened by adding the side pieces (R) which are | inch square. 

The Polar Axis (P) is made of bright mild steel round rod, }-inch in diameter and 114 inches long. This steel 
is easily obtainable at large tool and material stores. The upper end of the polar axis (P) is driven into a rather 
smaller hole in the block (¥) which is of hardwood 6 inches long by 2 inches square. Care must be taken to make 
this hole at right angles to the block. A J-inch hole is drilled through block and axis, and a bolt inserted, 

The Bearings (x, x) may be simply holes (j-inch) in the hardwood blocks, with a simple split arrangement for 
taking up wear; but it is more antisfactory to enlarge and square (slightly andereutting) the greater part of each hole, 
and, with the axis in place, to pour in melted tin or pipe composition (lead and tin) to form more durable bearings, 
Before pouring the lead, coat the axis with a mixture of black lead and water and allow it to dry. If, when all is 
cold, the axis cannot be twisted round, when oiled, it should be gent/y hammered endways with a mallet, If there is 
atill trouble, cut with an old saw along the dotted lins (Fig, 4), through wood and bearing-metal down to the axis. 
The upper halves of the split bearings can then be held in place by serewa, Similarly for the bearings (y, y). 

The Declination Axis (D), another } inch steel rod, about 14 inches long, is fixed, like the polar axis, at right 
angles in an § inches long, 2 inches square block, grooved for its whole length on one side to receive the telescope mikin 
tube (A). The telescope is fixed to the block by menns of leather straps or thin metal bands, Thin j-inch metal 
washers are placed between the blocks and the upper bearings of both axes, Tho balance-weight or counterpoise (w) 
is formed of a small round tin filled with lead, in which « piece of tube that just slides over the axis has been centrally 
fixed before the molten lead is poured in, The weight is so adjusted that it will counteract any tendency of the 
telescope to ewing round by ita own weight on the polar axis, It would be quite possible to fit graduated circles to 
this simple head. Celluloid circles can be obtained cheaply, and could be mounted on wooden discs of the same size 
—an addition which, with o carefully adjusted stand, will make possible the finding of Mercury and Venus in bright 
daylight and of stars by night from the places given in catalogues. Dut, even without circles, the advantage of being 
able to watch a star by only one movement will be found to be a great one. 

Alt-azimuth Head.—For this only tho parts A, D, Y, W (Fig. 3) are required. Tho polar axia P is replaced 
by a j-inch bolt which passes vertically and without shake through the central hole in the metal top of the tripod. 
A flat brass plate is screwed to, and protects from wear, the lower side of the block ¥, which reste horizontally upon, 
and can be turned in azimuth about, the metal top. Turn or scrape the top flat, and grease with vaseline. 

Adjusting the Equatorial Stand.—The completed stand is set up so that the top of the stand is level, with 
one of the Ings of the tripod placed towards the south, and with the legs set well apart, Three strong cords of equal 
length should be made taut, one end of each to a central ring and the other end to a screw ring, fixed in the central 
eross-piece of each leg; this is m precaution against « possible accident. 

The telescope tube is next set as nearly as possible parallel to the polar axis, and then, having slightly loosened 
the clamping screw, it will be sufficient, if no graduated circles are used, to gradually turn the equatoriml head till 
(in the Northern Hemisphere) the Pole Star is seen in the field of view. The head is then clamped. Any slight 
adjustment in latitude required may be made by moving the southern leg of the tripod either inwards or outwards, 

An alternative to the cords, which algo renders the stand more rigid, is the addition of three 
stretcher bara, each made of two parallel metal strips, fixed ¢-inch apart, and riveted to a short 
cross-piece at one end, and to the fap of a firm hinge at the other. The other hinge-flap is screwed 
to the cantral cross-piece of the leg, as shown in the illustration. A j-inch bolt with a wing nut (c) 
passes through the three slote, and clamps the bars together. 

When graduated circles are fitted, a more accurate adjustment of the equatorial head ia 
necessary, if it is to be of practical use, With a movable stand it ia well to have some meana of 
replacing it in the same position when once it has been carefully adjusted, or much valuable time may be lost in re- 
adjusting iteach night, Three stone slahs, or concrete blocks, having central gun-metal or brass plugs inserted, are 
sat in the ground at the corners of an equilateral triangle equal in size to the most convenient leg base, Each metal 
plug has « hole or recess in the top, in which rests the previously-mentioned metal spike attached to the lower end of 
the leg, ‘The adjustment of the head proper may be effected by means of thin wedges under the head, or, better, by 
three screws passing through the metal top of the tripod and bearing on the under side of the base of the head, which 
should be protected by a circular metal plate that rests on the points of the adjusting screws. 
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The true N. pole, towards which the polar axis should be directed as nearly as possible, lies about 1° (two Moon 
breadths) distant from Polaris, and very nearly on the straight line joining Polaris and y Urse Majoris—the last star 
in the tail of the Great Bear, If the time is chosen when the Pole star transits above or below the pole (see .V.A,), 
and the telescope (set as before, parallel to the polar axis) is directed towards the Pole star, so that it appears in the 
centre of the field of view, then a lowering ora raising of the axis through 1", by means of the southern adjusting 
screw, will make the adjustment aufficiently accurate for finding an object when using an eye-piece of low power, 


HINTS ON CLEANING. 
Refracting Telescope.—A good object glass is so delicately figured that it should be cleaned as rarely and 
carefully as possible, for fear of affecting the accuracy of its form. (See below, “Cleaning,") 
The lenses should never be taken out of their cell by an inexperienced person. 
The object glass should be held in its cell with just sufficient “play” for a slight rattle to be heard when it is 
gently shaken, If screwed up tightly, it causes strains in the glass which mar the perfect definition. 


Reflecting Telescope.—The silvered mirror requires to be kept with very special care, as the silver is exceed- 
ingly liable to tarnish, especially in or near large towns, from the sulphurous fumes in the air. The owner of a 
reflecting telescope should, therefore, procure and study the ‘Hints on Reflectors,” which have been published by 
several of the leading makers of these instruments. 

A slight stain causes merely an inconsiderable loss of light, but, if badly tarnished, the mirror must be re-ailvered. 
his process may be successfully accomplished by the amateur, with little difficulty, and at no great expense, if he 
carefully follows the directions given in the books just referred to, and uses pure chemicals, 


Care of the Telescope.— Before removing the teleseope after the night’s work, cover the object glass or mirror 
with the metal cap provided for that purpose, 

Never take the instrument from the cold outer air into a warm room, or the object glass will become dewed. 
If this should happen, the object glass must not be left in that state; but it should be placed in a warm room, at a 
safe distance from a fire, until the moisture haa vanished. Any stains left on the glass must be removed by gentle 
polishing. Never wipe an object glass when it is damp. 


Cleaning the Lenses.—When it becomes necessary to clean these, any dust should first be removed by means of 
acamel's-hair brush, Then the lens should be wiped very gently with a piece of very fine and clean wash-leather or silk. 

When not in use, all brushes and materials employed for this purpose should be carefully protected from dust 
by keeping them in clean stoppered bottles or air-tight cases, 


Solar Eye-pleees.—The use of a silvered or deeply-coloured Barlow lens with un ordinary eye-piece is a simple and effective 
way of reducing the Sun's light and heat. The chief objection to the silvered lens is that the film is so easily scratched. A special solar 
diagonal (Sir J. Herschel's), in which only about J,th of the Sun's light is reflected from the first surface of a narrow prism, is procur- 
able, With this, the addition of a light ahade-glass is necessary. See illustration in Proctor's Haly-Houra with the Telescope, new edn. 

Hoelioscopes, or Helioscope eye-pieces, depending upon polarization, reduce the Sun's light sufficiently to enable a dark-glass 
20 be dispensed with, but they are somewhat complicated and expensive appliances. 

Spectroscopes.—Small instruments for viewing stellar spectra can be had at a comparatively low price; these screw 
on to or fit in the eye-piece tube. Those for viewing prominences, however, are much more expensive, ns the dispersion required 
is considerable, and prices are of the order of £7 ($35) upwards. It would bea great boon to amateur astronomers if some 
enterprising optician could bring out a satisfactory instrument for half that sum, or loss. 

Astronomical Photography.—Anyone possessing an equatorial telescope with a slow worm-wheel motion on the polar axis, 
ean take good stellar (or cometary) negatives in « box camera attached to the tube of the telescope, using ordinary photographic 
lenses of //6 or greater aperture, which should be onrefully focussed by triul exposures ; a driving clock is not essential, though 
advantageous. The telescope serves ass ‘ guider,’ a star being kept steadily on cross-wires in the eyepiece ; these wires can easily 
be added to a positive eyepiece by anyone acoustomed to use tools, Exposures are rather lengthy, from some twenty minutes 
upwards—to hours for faint stars—and require patience. 

Most refractors are not very suitable for taking photographs of the Sun and Moon in the teloscope itself, without an eyepiece, 
as they do not bring the actinic and visual rays to the same focus, and the sharpest position has to be found by trial and error. 
Reflectors are free from this disadvantage, also ‘photo-visual’ refractora; but the latter are expensive. The Moon can be 
taken by a fixed telescope, of ordinary focal longth, in about }-eecond, but the image is smal!—in a 3-inch, only 4-inch diameter, 

Those desirous of taking up this pursuit should procure ‘ Astronomical Photography,’ by Mr H. H. Waters, F.R.A.S.—a little 
book which gives all needed information on the subject of apparatus, adjustmont, exposure, de. 

A Celestial Globe, adjustable for latitude, is wsefal for finding the direction and altitude of Mercury, or a comet, in twilight, 
also *he path of the Zodiacal Light, The stars are reversed as regards left and right on the globe, because we view the star 
sphere from the inside, and the globe is viewed from the outside 

i 
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ADJUSTMENTS OF A NEWTONIAN REFLECTOR. 

Tue elliptical flat mirror, mounted in a short metal tube cut off at an angle of 45° with its axis, is sometimes 
supported in the centre of the main tube and towarda the upper end of it, by a single radial arm fixed to the inside 
of the tube, More usually the support consists of three, sometimes four, steel strips of spring temper fitted with 
screwed ends that pass through holes in the main tube, outside which they are held firmly by means of nuts, With 
the aid of compasses or a scaled ruler set the centre of the fat mounting exactly in the centre of the tube, if it is 
not already ao placed. 

When the flat has been centred, its inclination must be adjusted so as to reflect a ray of light passing along the 
axis of the main tube along the axis of the eyepiece focussing tube. This must be done by means of the wi justing 
screws fitted to the flat mount. Sometimes these are three in number, but a better arrangement is a hinged flat 
mount with a single angle-adjusting screw with a knurled head, and an axial screwed pin enabling the flat to be 
partly rotated and clamped in position by means of a heavy knurled nut, 

‘A brass diso-fitting, with a central hole about y,in. in diameter, is serewed or slid into the eyepiece draw-tube 
in place of the eyepiece. A special fitting, though convenient, is not indispensable, since the front part of the mount 
of an eyepiece of high power, with the lenses removed, will do well as a substitute. On looking through this hole, 
there will be seen the circular end of the eyepiece tube and within it the flat with an apparently circular outline, 
If the flat is approximately adjusted there will appear, within the cirele of the flat, the circular outline of the mirror 
and its cell. Asa help to the eye, the large mirror may be covered with a white circular card of the same size as 
the mirror. Then, by means of the flat adjusting screwa, gradually tilt the flat until the outline of the mirror (or 
cardboard disc) is concantric with the eyepiece-tube circle. It may be necessary to move the base of the focussing- 
tube mount slightly up or down the main tube to perfect this adjustment, Remove the eard and there will be scen 
a circular dark spot, the image of the flat, If this is not exactly in the centre of the bright mirror image, it must be 
brought to that position by means of the three adjusting screws at the base of the large mirror cell, The dark spot 
is always most distant from the adjusting sere that must be 
turned in, Thus, in Fig, 1, the serew whose position is in- 
dicated by the head of the arrow must be turned in to bring 
the dark spot to the centre, The same result is achieved by 
turning the two other screws equally outwards, The circular 
outline of the flat itself should not be exactly concentric with 
the eyepiece tube and mirror circles, but slightly displaced 
towards the upper end of the tube, as shewn in Fig. 2 where 
all isin perfect adjustment. EE, the outermost circle representa the far end of the eyepiece tube; T part of the 
tube which holds the flat; FF the flat iteelf; MM the bright image of the large mirror; I the dark central image of 
the fiat, and 8 the images of the four spring supports of the flat mount. 

Fig. 3 shows the appearance of a moderately bright star in a good telescope, when the air is steady and the 
instrument correctly adjusted and carefully focussed—a bright round spot surrounded by two or three concentric 
rings of light. It is impossible to portray accurately the extreme delicacy of these diffraction rings as they appear 
on the best observing nights, 
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EQUATORIAL ADJUSTMENTS. 
Iv is infeasible here to give full directions for the accurate adjustment of an equatorial. Such instructions are 
given in Horne and Thornthwaite'’s “ Hints on Reflecting and Refracting Telescopes," and in Chambers’ “Handbook 
of Descriptive and Practical Astronomy,” Vol. 1. (Clarendon Press, 1890). The chief adjustments are :— 

1. Adjust the vernier-inder of the declination cirele, The equatorial being placed in nearly its correct position, read the 
declination of a star brought to the centre of the field when near its southing with the circle facing E, Repeat with the circle 
facing W. If the two readings agree, the vernier position is correct ; if they are not the same, move the vernier half the 
difference between them. Other adjustments having been completed, the declination vernier will indicate 0° when the telescope 
points to the equator. 

2 Adjust the polar axis to the altitude of the Pole, Head the declination of a star which is on, or nearly on the meridian, 
and also near the zenith. Compare the reading with the declination of the star as given in the Nautical or Whitaker's Almanac. 
If the amounts differ, set the circle to the correct reading, and bring the star to the centre of the field by means of the base 
adjusting screw (5! in the drawing on page 51), 

3, Place tha polar axis in the meridian. Point the telescope to a known star about 6 houra from the meridian, either 
E. or W. of it, but aa distant aa possible from both Pole and horizon, If the star is E. and its declination as shown on the 
declination circle exceeds that given in the catalogue, the lower end of the polar axis is W. of its right place and must be moved. 
A horizontal or azimuth movement given to the equatorial head to correct the declination corrects also the meridian position 

Other adjustments necessary are :— 

4, Sat the optical axis of the telescope at right angles to the declination avs, 

5. The polar and declination ares muat be ext at right angles, 

6 The index of the hour circle muat point to 0" when the telescope ta in the meridian and the declination axis horizontal, 

With a movable hour cirale (ace opposite), the verniers V* and V? should ahow like readings when the telescope is thus set, 


51 
EQUATORIAL HEAD. 
Tan section drawing represents an equatorial head designed and made by the author, It is suitable for a 4-inch or 
smaller refractor. It was built up of iron and gunmetal castings from simple wood patterns, and a few mild steel 
and brass rods. All the work required is within the capacity of a 3}-in. centre foot lathe, with the addition of 
a single division plate and cutter for the teeth of the R.A. circle, and a cireular protractor for the marking of the 
divisions on the circles. | 

A, Part of the driving-rod with universal joint U at the upper end, connecting with the worm screw, and 

a handle (not shewn) at the lower end. 
Gunmetal coned bearings of the polar axis, 
Declination circle. 

Declination axis. 

Arm serewed to the polar axis tube and adjustable 
for any Intitude. 

One of two side plates screwed to the base and be- 

tween which B is held bya }-in. bolt and nut L 
Lever of cam, When pulled down it puts the 

worm into gear with the fixed toothed ring JJ. 
Knurled head to turn a pinion engaging with a 

circle of teeth cut on the inner side of the R.A. 

ring R, 

Bolt passing through a hole in the base, slotted to 
allow for a slight movement in azimuth. 

Behind L is a central vertical pin (j-in, in din- 
meter) about which the whole head can be turned, 

One of two push serews for exact meridian setting. 

Knurled declination clamp nut. 

Polar axis. 

Right Ascension Ring, marked from Oh, to 24h, 
from west to east round by south. 

Adjusting screw for the slow adjustment of the 
tilt of the polar axis. 

S* One of the two other base screws, 

T. Main tube of tho telescope. 

Vi, Declination Vernier on arm with adjusting push serews at the lower end. 

Vi, sORLA. Vernier, fixed, for time. 

V? R.A, Vernier, moving, for R.A. of object, 

W. Counterpoise weights with set collars, 

No slow motion in Declination is shewn, but one is a great convenience and could easily be added to the head. 
For convenience of representation V" is shown at right angles to its correct position. It may be rotated about the 
turned end of the polar axia tube, and clamped in position by the screw X. 

A large-faced watch or an ordinary epring clock, regulated to keep sidereal time, with an inner circle of figures, 
XIII to XXIV added to the face, is a moat useful, indeed almost indispensable adjunct. This may be set correctly 
to sidereal time each day by means of the wireless time signal. The sidereal time for the previous midnight ean be 
obtained from Whitaker's or the Nautical Almanac, and to this 12" 1™ 58* (say 125 2") must be added to get the 
sidereal time at noon, * 

The method of finding a celestial object with an equatorial of this type is simple, (1) Move the telescope so 
that the declination vernier (V") indicates the declination of the object as given in the catalogue, Clamp in declina- 
tion, (2) By means of the knurled head (K) turn the R.A. ring till the R.A, of the object is shewn by the lower 
or moving vernier (V*). (3) Turn the telescope till the sidereal time as read from the clock is shewn also by the 
upper fixed vernier (V*). 

If o low or medium power is used and the head isin correct adjustment, the object should be in the field of view, 
The lever (H) is then pulled down, and the object can be followed by slowly turning the driving rod (A), 

If the object is not at first in the field of view, a slight movement of the telescope either forwards or backwards 
in R.A. will generally bring it into sight. If not, the circle readings should be checked and the adjustments of the 
head corrected if necessary. 

The head should be fixed on a strong wooden braced tripod or iron pipe filled with concrete and protected from 
the weather by s galvanized iron hood, the telescope itself having been removed. 

* For places E. of Greenwich a correction of Im. of time muat be added for each 13° of longitude; if W. subtracted, 
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Be PRONUNCIATION OF NAMES 


The accents are pronounced as follows :— dasin inte | &asinwe i ae in jon Gas in go iiss in unite 
Note —This list follows the so-called English method | 4 « fat | & , met | i, ill 5, odd | G@ , up 
uneiation, which is generally ueed for Latin | &@ , srm & |, water ii ire ‘ y ob | i | wre 

ck cued ete nemesis context, a, sofn a a, Tar ee 66 ,, food anna 


Constellations,—For the genitives (7.) of names ending in -wa -wm, change the -uwa or -wm into -4 (pronounced f), a= Lupus, {g-) Lupi. 
Thoae ending ina: change the a into @ (pronounced 6), aa Mensa, Mens, Modern Constellations are marked ", 


Axprownpa, dn-drdm‘s-da Andromeda | Convos, kir'vie ... The Crow | Ormucnvs, df-i-ti’kis The Serpent-bearer 
Antita,* dnt‘li-i a+ The Ate Pump! | Cuaren, krii‘ter (y., kerat ‘ris The Cup | Orion, 6-r7'Gn (9., Gr-i-d'nis) The Hunter 
Arcs,” i’pie (g.,0-pod'is) «Bird of Paradis | Cavx,* krike (g., krideis) The Crosa| Pave,” pa‘vd (g., pal-vi'ola) The Peaovek 
AQuanivs, i-kwit'ri-da The Water-bearer | Cxanvs, eie’nds +s » he Seon | Pecaccs, pog'd-sile “ Pegarus 
AQuILA, uae “ne «+ The Zagle | Dewwisve, dél-f"nds «+ The Dolphin | Penagva, piir’stis or pir'st-ds Perseus 
Ana, i'ré ase Ger Aitar | Dowano,* di-ri‘di (y.,-ddG0) — Swordaish | Puentx,* fi'nika (y,, 1-ni'cis) The Phontx 
Anao, ar’gd re ‘har’ givin) Aryo | Duaco, dra’kd (y., dri-kO’nis) The Dragon | Prcron,* pik’tér (g.. -tdr’is) ‘The Painter® 
ARDS, ariee (g., di-r¥ 6-tis) ws “; fom | Egutcevs, &kwO0'é-de The Little Horse | Praces, pis’ (@, pis l-tim) we The Fishes 
hy b-ri' ei a The Chariateer Entnanus, Grid’i-nie The River Fridanus | Fisom 'AUBTRALIS, pus‘ia Os-tril Tie 


Bolirgs, bi-d' bax (gy. tis) The AMerdaman 
Cagiom,* flim The Ovsisel* 
Cametorannes," k&-mél’d-pard-tis Firaghe 
Cancen, kiln ‘edr (yg. kain-kri) The Crab 
Cases Vesaticr,” ka’nés vé-niit'l-a, or -ki 

(g.. ki'ntiim vé-nditT-ko'rdm) shin rego 


Founax,* for'nike(y., fir-nii'sis) Purnace* [The Southern Fisk 
Grunt, jan" Lal (y.,-n'ram) The Twins | Prrrs,* pip ts (y., pip is) Poop (af Argo) 
GRUR, grie* (y., godt) we )6 Coke Crone! Prxin,” pik’sia (y., Eig) The Conepera 

HERCULES, ndrke. ia (ep, -Tia) Herc | RaerrcuLum,* é-tik'o-liim ae Dae Hert 
Honmonogrom,* hor-5-)5'fi-din The Clock | Sagrrta, mi-jit’a rr vw Fe Arrow 
Hrpga, brdra, dee The Water Snobe | SacirTTanwiva, 64j-i-ta'ri-da The Archer 





Canis Mayon, ka'nis ma’ ve (g-, mui-j6'ris) | Hrpacs,* hfdris i tg Sconpio, ekdr'pi-d (g-,-d'nin) The Scorpion 
, Mixon, ki'nis (y., mi-nd'ria) | Inpoe,"In’doa the Indian | Soonpros, skér’pi-ts (g., skér’pll) 
The peal ened ' Lesser Dog | Lacnara,* Ii-sér’ta . Dhe Jizerd | Sooueron, *ak Gip'ter (y., =<bO'ris) Soul ptor 
Carniconsts, kiipri-kdr’nis The Sea-goat | Lao, 186 (y , 18-d’nis) The Lion [dion | ScoroM,* skii‘tim  ,.. The Shield 4 
Canma,* kd-rf'nd  —,... ‘The Neel (Argo) Mrxan,* mi‘nér (g., ml-nde'Ts) ver | SERFENS, wdr‘péus (g.. sér-pén'tie) The Serpent 
Cassiopeia, kils-i- 6-pe Fah Casriopeta Lares, in ig, Lép'Gr-la) ‘The Hare | Sexrans,* stku'tiing (g.,-tdn'tis}  Sertant ™ 
Cartatnus, ebn-ti'rds The Centaur wh oe The Balences | Tavnvs, th'ria The Bull 
Crraevs, ef'fis or 58'f-ie Ct piesa stole nee The Wolf) Tatmscarmat,* tél-okO' pi-dim The Telescope 
Cervs, e'tie The Sea Monster or W | Lex," Finks (g., lin’ ‘cle) ass Sl he Tovucanus,* tO0-kil'nie The American (Foose 
Cuamasi“on*, ki-mé'lé-dn (y., -la-im'tis) | Lym, Ilr The TaraxouLo, tr-dn’gi-lim The Triangle 
The Charamleon Mats, * mila (nom Prxrs) ” Mastof Argo) » AUBTRALE,” ,,-detra'li Southern ,, 
Cmersvs," sitr’si-nis ... hed Compaars | Mensa," man’ ToWe Mountain® | Unaa Mazon, fir'si mi‘jer  (y., fire ma- jo'rte) 
Covouna," ki-lim'ti ... The Dove® Strempsoces0x,* © mf-krd-akd’ pi-tim The » Mixon, Gr'si miner (g., Gir'st mbne'ria} 
Coma Eunewtors,* kd'md béré-nf'sdz bi Unicorn The &reater and the Lesser Beare 
(g., kO'mé béré-nf'sis) Berenice’s Hair | Monournos,* mé-nds'ér-de Bre -Gr-G'tis) Veta," veld (g., v8-ld'rim) Saila (oy Argo) 
Conoxa AvsTRALts, kd-rd’nd 6s-tra'lis Musca," miskh 3 ... The[ ayy Fly®| Vinoo, vir'po (y., viir‘ji-nia) =... The Virgin 
» Boreas, 5 bO-ré-4'Tia | Nonaa,* nor'nd uare | Votana,* vo'ldns (glin'tin) Flying Fish 
The Southern Crown, The Northern Grown Oorans,* Gk ting (9., Gk-tan’tia) om reese | Vounrrouna,” vil-pek'D-ld we The Foe ® 
Original Forms. | Antlia Poewmation, ©Cnela Senlptoria, The Sculptor's Childs, ? Columba Nonehii, Noah's Dow, 4Fornax Chemica, 
fie Chemical Porno, 8 Mone Menom, 9 Ayia Muss Australis. 7 Oetans Hadlelonos, Aadley's Getant, * Eagni len Pictorin, The Painter's Hasal. 


@Pyzia Naution, The Mariner's Compas, 1 Raticalum Rhomboldalis, The HAombnidal Net. 11 Apparntns Heulptoria, The Sculptor's Workshop. 

WBcutam Soblekil, Sotvebia Seki UW Sertans Uronim, (renia'sferiant, '4Piscia Volana Vilpeciia ol Anser, The For oma tha Goon, 
Star and Cluster Names. Many of theee, transliterated or corrupted from the Arabic, have no standard spellings, as Arneb, Arnab ; 
Caph, Chaph ; Cebslrai, Kelbalrai; Tarnxed, Trazed, &c, a may =e; an—ain; cmb or kh: ciaie; f=ph; m=—nj a=xor ; sh=ach; tanh, 
dchernar, i’kér-nar «Eridani | Benetnasch )bé-ndt'nash 9 Ure. Maj Aeth al Rai, b&lb-il-riii* 2 Oph. Ras Alhague, ris l-hi'gwe 







Acrah, ik‘ritb 5 ii | Aetelyeuse, bataBl. a Orionia Kooal, kibaib hb vis Min. a Onhivehi 
Adara, id-A'ri ¢ Canis Maj.) Canopus, kd-nd‘p a Arpiis Aornephoros, kir-néf’t- | Aastahan, ria-t-bdn' 

Adbires, Al -bf'ré-6 A Oygni Capella, ki-pél'h a Auriga | Hareulia flegralus, fi-lGa a Leonia 

Alchiba, il-ki-ba' a Corvi Caph, kif ACassiop. | Aursa, kitr-si’ § Eridsni | Agel, cipal, ri'jel Orionia 
dAloor, iil-kér’ 80 Ure,Maj,) Castor, kda'térorkis'ttr a Gem, | Mate, ma‘yd, mii 20 Tauri fotener, ri" tii-ndy Delphini 
A Al-ai'd-nB 9 Tauri Cor Coroli, kor kir't-H 20 Ven.) Aferkeh miirkib a Pega Sadochhia, wid-dk-ba'i = 7 


Sadalmelit, ead-ail-mél'tk a Agr, 


Aldebaran, il-déb'd-ran a Tauri | Cor Aydin, kdr hi'dré a hg ere evden Bg Oe ee Sadolewd, wid-il-eiéd’ 


Alderamin, il-dé-ri'min a Ceph | Cor Leondis, kor 1é-i'nis Melsuta, méb-of6'ta ¢ Gemin. 


Algetia, &il- i — | Cor Scorpit, ketir alecir’ Megres ras =O Ure. Maj. | Seheut, shé-at’ Pegani 
Algen rt ib, al- a .P for k. ekdr-pi-d'ni nis) a Scorpll Mekah, shad mtb a Cati Sehedar, shéd'dr if Sele 
a, é « assy 2 Pera Cor Serpentia, kor va edir-pan' tis Menkalinan, mén-kél-i-niin’ Sheliak, ehél Vik Lyrw 
Algorah, al-gé-rab a Serpentia ff Aurigm Sheraton, shér'i-tin’ 8 Arietia 
Athena, il-hén'a y Gemin, | Cures, , Eridani | Menker, -bob, mén'kfir o Ceti Sirius, sir'T-ie a Can. Ma 
Altoth, ali-dth’ eUre.Maj,| Deneb, din'db a Cygni, A Leonia | Merak, mé*rik # Ure. Maj.) Sirrah, sire a Andromeds 
Alkaid, al-ki'id ee Deneb Algiedé, dén' al-jé’dl Merope, mért-pé 23 Tauri Skat, nkiit 4 Aquarti 
l-kh-li'rdpe pe! Bott | §Capricorni | Mesarthim, mée-Gr-tim’ y Aries | Spica, api‘ a Virginie 
Alken, B)-kex’ Crateris| Denebola, dé-nb’-0-ld 8 Leonin | Mintaka, min'td-ka @Orionis | Swlaphat, sdG-ld-fat’ -y Lyre 
Aimak, ail-miik’ Diphda, dif'da B Ceti mi'rh o Ceti Svalocin, avill’G-kin a Delphini 
Alvaiam, al-ni-lim* Dubhe, dG hé a Ur, Maj. | Mirach, mfrik,mé‘rak 8 Andr. | Talitha, ti-la'ta «Ur. Maj. 
Alpherd, il-fird" Blectra, 6-lék" tri 17 Tauri Mirfak, tilir’fak a Persei Tarazed, tiir'd-sid > Aquilm 
Aiphecea, il-fék'a .| Enif, Eniph, én'it ePegasi =| Afirzam, mir'sim §Con.Maj.) , t-ij'etd = 18 Tauri 
Ar al.f@'rate | Srrai, dir-rili’ yCephel | Mizar, mi'xdir El acerca | Thuban, thidi-beln’ is 
Alphirk, al-firk’ ayy &t-d-min"” 7Pracens {Urse Maj « Hoditia ‘nutaliay, O-nik'il-hi’ a Serp. 
Alrai, il-rit’ ¥ 1» | Fom, fo Muphrid, moo'frid 9 Bodtia | Vega(Wepa)vé'gi a 
‘Airuceabah, &)-r36-kk’bA o UMin. Fomathaut, fa’mal-hat, tao Nath, nath’ 8 Tauri triz, vin-dé-mi-a'trike 
Alshoin, il-abi‘in a Piscis Australis | Nekkar, nék-kiir’ 8 Bodtis e Virginia 
Altair, &l-tii'Tr Gemma, jem'd a Corona Bor. | Olda, Ok'dé a Piscium | Wesat, wil'sdt 3 Gemin. 
Alwaid, il-wi'ld Giedi, Prima & Secunda, jé'di, Phat, fakt aColumbe| Yed, pad § Ophiuchi 
Antares, in-ti'rée prima, et-kin‘’dd = a!,a"Cap.| Pheoda, fék'dé + Urs. Maj. Zeivak ef'rik = Eridani 


Gomeiaa, gb-m1' si aCon. Min. Pleiades, pll'n-ilds, pld'd-diz Zawtjah, cf'va-j wie'ks, wien 





dArided, dr-i-ded’  Hamal, bhiim'il aArictin | Pletone, pli-i'né 28 Tauri ord, Zosma, #ia’ké, 
‘Arned, Leporis | Homam, hi-miim'  {¢Pegnast | Polaris, pé-la’ris a Ura. Min, 5 

prope, as-tir’d-pé HAyades, bi'i-déx (Star Cluster) | Pollux, pol’aka Gemini | Zuben ef Genubi, 256-bin’ &l j& 
Atlas, it'lia far, &-28r" € Hottis Prevacpe, pré-eé'p (Cluster) 06" bée a Libr 
AsinweA, ia-T-mbk" Virgin attain, ki-tain’ a Pisciom | Pi . prarsi aCanis Min) ,, ¢ Makrohi, él hd-kri'be >, 
Baten Kaitos, bi't'n-ki'tis s Ons i) awe Australis, kde ds-tra‘lis pol-kér'Trnd ¢ Botitia| ., el Chomeli, él ehd-mi'lé §.,, 
Bellatrizx, bS-li'trike ‘eGagittaril | Aas Algethi, ria dl-jé-té ao Here, | Zubenesch, 26d 5 


THE BRIGHTEST AND THE NEAREST STARS. 








ane 1850 Magnitude Distance Annual  taseadnoatty Spectral 
RA. Dee | Apparent Absolute [PONE | ra vrs. Parsee} or. | (Sn=1) 
BRIiGHTEst STARS. ——— pes 
Sirius b+ 45-0") — 16° 38'|-—1-58 13 |0°-371 1-32 26 
Canopus 6 22-8 |—52 40/-o8G | =T-44 |O"-0051 0-02 | 80,0001 
« Centauri 14 365 |-60 38 | O06 | 47, 6-1 | O” 758 a-68 | 11,04 
Vega 18 $52 |+348 44) O-l4 O6 | Ov194 oss. | 50) 
Capella 5 129 |+45 58) O-f1 -06 | 0069 O44 150 
Areturnus 14 134 [419 98] 0-94 -02 | 0-080 arog 100 
Rigel 6 121 }/- 8 16) O84 | -58t lOO0E? o°01 | 18,0001 
Proeyon T 368 |+ 5 22] O48 30 | OSI 1-24 5 
Achernar 1 35-9 |-57 80! O60 -0O9 0-049 o-oo 500 
B Centauri 14 03 |-60 7| O86 | -39 | O"011 O04 | 3,000 
Altair 19 48:3 |+ 8 45 | O-89 24 | oo04 O66 | 4 






Betelgeuse 5 525 |+ 7 24| O99v.) -29 | OO1T ons 1,200 | 
a Crucis 12 93-7 |-62 60) 105 |-27, -22] O'-Ol4 0-05 /1,000; 650) B1, BI 
Aldebaran 4 330 | 416 95| 1-06 =O) | 0057 o*-21 90 Ki 
Pollux 7423 1/428 9] 1-21 12 «| O10] 0-62 a8 Ko 
Spica 18 225 |-10 54] 1-2] -31 | o”-Ol4 O”-05 1,500 B2 
Antares 16 265 |=-96 20) 1-22 -40 | 07-009 o'-03 3,400 MO 
Fomalhaut 22 548 |-99 63] 1-29 20 | 0137 Ov 27 13 A3 
Deneb 2) 397 |+45 6) 1-93 =§21 /0"00517 ooo | 10,0007 | Az 
Regulus 10 #7 |+12 18] 1-34 O2 | o-OBS or-a4 70 | BS 
B Crucis 12 448 |-59 95 | 150 -25 | 0016 o'-05 850 Bl 
Castor 7 314 (+32 0] 158 | 14,22 | o-O76 O’-20 | 28; 11 | 40, AO 
Nearest Stars. { 

Proxima Centauri | 14>96-5™) 62° 20") 105 165 =| O79 3-85 | 00-0001 M? 
a Centauri | 14 86-5 |-60 38 0-06 | #7, 61 | 0-76 3-68 | 11,02 | GO, KS 
Munich 15040 17 65-3 |+ 4 29 7 13-4 | O54 1029 | O-0005 M 
Lalande 21185 11 O6 | +36 20 76 10-7 0-42 4-78 | 0-005 M2 
Wolf 359 10 53 |+ 7 30] 135 16-5 or-40 4-84 | 000002 | Ma 
Sirius A 643 |-16 38] -1-6 1:3 O37 132 | 26-0 AO 
Innes’ Star ll 142 |-57 18] 11:7 L44 O”'s4 2-69 | 0-000] —_ 
B.D. —12° 46988) «=| 16 O64 |-129 28/] gy 12:1 | O83 as OOO15 | M5 
Corboda Vi243 6 OF | -44 57 9-3 117 032 8-75 | 00022 MO 
Rosas 248 93 38 (+43 50| 13-8 163 o”-32 O-00003 | M6 
+ Ceti 1 41-8 |-16 13 36 6-1 orga 1°92 | O35 Ko 
Procyon 7 36-8 |/+ 5 22 Ob 3-0 os] 194 | 55 Fh 
« Eridani $ 306 |- 9 88 38 6:3 O”-31 o'-97 | O31 KO 
61 Cygni 91 45/438 29) 5-6 80 | 0-30 5°25 | O06 KS 
Lacaille 9352 93 24 /)-36 9 T+4 9-7 or-29 6"90 | 0-013 MO 
¥ 2508 18 42:3 | 259 33 8-8 111 o-99 2"-31 | 00036 M4 
Groombridge 34 0 1li4 | +43 44 8-1 10-4 o”-o8 2-89 | G-00T3 M2 
« Indi 21 59-3 |-56 59 4-7 6-9 O28 4"-69 | OT K5 
Kriger 60 | 22 969/457 27 9-3 11-4 0-26 O87 | 0-003 K5 
Van Maanen’s 0462/4 5 10/ 193 14:3 O35 $01 | o-n002 Fo 
Lalande 8760 437 |-38 0 6-7 a6 O”-25 | 3°53 | O44 MO 
O.A. (N) 17415 17 $7 | +68 23 9-3 114 o”-24 | L'33 | 0-003 K 
B.D. 61° 658 252 |+4652 12 a9 11-1 O'-34 es O04 a 





BAYER AND LACAILLE LETTERS AND FLAMSTEED NUMBERS, 


ANDROMEDA. A,49 b, 60 o, 62 


Aquarius. 43103 AI104 ob 98 62.99 8 be10l 466 860606 6% 8S hl BDU, 250—ClUg, 8S 
f, 53 g, 66 bh 8 2,106 £107 #108 &k, 3 

AQuiLA. A.% 6 81 of 3 ds 9 «56 £26 wh EMU ££ YU Lk 

Boores. b. 46 « 46 dd 1 ea © ££ 39 g M4 HS it, 4 «©, 47 

CANCER. AY,45 ALSO 6b 490 0606g, 36 4 «2d¥2006=6d*, 25 

Capnriconnus. <A, 24 b, 36 oc, 46 

Cassiopeia. A, 48 

CENTAURUS. g, 2 h, 4 i «t k, 3 

Cranus. A,68 bf a7 8 Ob 29 lhl, 160 («CO OU 8GlUCULUlCU Cg, 72 
P, 34 

Pinca AIG 6b SO 46 og 45g te OR oF Ug as Uo OU 

aicseaieli A389 »b 62 o 51 d 43 1, 53 v, 17 w,S2 38, 64 

Guin. AST Ob 68! «4 TE 18 26 ee Ome ge 

Heacutes. Ald4 b, 99 dd, 59 o 69 £ 90 g, 30 hb 2d 7, 43 «=k, 47) «#1, 45 
m3637 n, 28 =o, 21 r, 5& t, 107 u, 68 w, 72 x, 77 y, 82 z, 88 

HvpRA. A, 38 -, 6 «& 51 1 65 mot D132 £58 #£4x22#P, 27 

Leo. A, 31 b, 60 « 59 dp 58 6 87 £15 gg 33 b, 6 &k, G2 1, 33 
m, 51 n, 73 o, 95 p’, ol Pp, 62 pi, 65 p, 69 

Lupus. gE Soo SF 

OPHIUCcHUS. A, 36 b 44 of 51 dd, 45 £, 53 

Orion. A382 ob Sl oo 4 id, 45 8 39 £569 73. » 6 #4426 i, 14 
k, 74 1, 7% m 23 011,33 n4 38 0, 22 op, 27 

Perseus. A 43 oo 48 jd, 58 06 58 ff 52 op 4 i, 98 lL 32 m, 57 nn, 42 
o, 40 

Pisces. AG «6, h6UTlhClU 82 ll CU OU, 8DlClg, 82CO, 68 OG GtCed,s«G7 
lL ol 

SaqirTanius. A, 60 b, 59 co 62 4d, 43 of St ef 55 Of, 560 log, 6] OU 51 lO 68 

wien: A 9 &. 2 Ais ATS & oF iG I9 

SERPENS. AVI 6AS 35060, 860ClCi, DCC d,séCS 

Taurus. AIST A396 OU, 79060, 90) 06d, 88 hl, 3OCUdlCUCGC‘<‘i‘( ,SSTi(‘ié‘nzéC(C*CTTCé‘é®YXY:CSOMS#f8s 
1, 106 m, LOd n, 109 o, 114 p, 44 q, 19 r, 66 a, 4 t, 6 nu, 29 

Unea Mason, A, 2 +b 3 of 16 d, 24 oe 18 =£ 15 g, 8 Oh, 38 

Vireo. Ald ALG & T «& 16 Ga jd3a eo 59 ££ DO h 76 i 68 


k 44 | 74 =$m 8 oof T8 p, 90 £4g, 21 


In this Atina, Flameteed numbers are used in preference to Roman letters, since the former generally follow in each constellation in 
order of Right Ascension, and thus the places of the numbered stara are the more easily found. But, as the letters are sometimes used 
(oceasionally in the italic form), the above table haa been prepared as an aid to the speedy identification of the star, 


STAR CHARTS 
ABBREVIATIONS AND EXPLANATIONS, 
Small Crosses +) indicate the points of intersection of lines of intermediate 20 minutes of R.A. and 5° of 
Declination. 
Marginal Divisions in R.A. denote 5 minutes of sidereal time, and in Declination 1°, 


Vv (small, to a star) denotes variability, A variable star which reaches 6th magnitude or leas at its maximum 
brightness is marked by a small circle only. 


RE or Ru (small, to a star), A red, orange, or yellow star. In the case of E-B red stars, the letter R is not 
added as the letters E-B are a sufficient indication of the colour. 


Number only (to a star). The number in Flamsteed’s Catalogus Britannicus, 
Number underlined (to a star), eg., 66. The hour number in Piazzi’s Catalogue. 


Greek or Roman Letter (to a star). The letter assigned by Bayer in 1603, and, since Bayer's time, by 
Lacaille and Gould in southern constellations, 


Number only (to a nebula). The number given in the N.G.C., viz. the New General Catalogue, being the 
General Catalogue of Nebulm by Sir John Herschel asrevieed and enlarged by Dreyer (1885), 


Number with small number to the right (to a nebula). Sir Willism Herschel's numbers and the classes 
into which he divided the nebulw. Thus, 37! = HIV 37. 


These classes are :— 
I. Bright nebulm. ¥. Very large nebulm, 
Tl. Faint nebulm, VIL. Very compressed and rich clusters of stars, 
IIL. Very faint nebulm. VIL Compressed clusters of stall and large stars, 
IV. Planetary nebula, VILL Coursely scattered clusters of stars. 


Abbreviations of the Names of Observers, generally followed 
by the current number from their Catalogues. 


A. Aitken, BR. G. L Lacaille, NL. de, 
Ar. Argelander, F. W. A. Ll, Lalande, J. J. de. 
A.C. Clark, Alvan. Lr, Leavenworth, F. P, 
Bar, Barnard, E.E, M. Messier, C. 
Brs. § Brisbane, T. | Mel. Melbourne Oba, 
Cor, Cordoba Oba. | sim Russell, H. C. 
Op. Cape Obs. Rmk iimker, C. L. 0. 
Es, Espin, T. E. H. = South, J. 
E-B. Espin-Birmingham. Ba. Santiago Oba. 
H. Herschel, Sir William. Slr, Sellors. 
h. Herschel, Sir John. U.A. Uranometria Argentina, 
Hh. J. Herschel’s Catalogue of W. H.'s Yor  Winnecke, 
double stars, 
He. Howe, H. A. A Burnham, 8. W. 
Hn. Holden, E. &. A Dunlop, J. 
Ha, Hough, G. W. 4 Lowell Obs, 5ee, 
Hrg. $$ Hargreaves, J. oz Struve, Otte, 
Hu. Hussey, W. I. OEZ Pulkova Catalogue, Part IT. 
L Innes, BR. 'T. A. z Struve, F. G, W, 
Jc. Jacob, W. 5. o Palkova Obs. Appendix, Val, ITL 





INTERESTING 
Double Stars. 
Eprocnw 1950. 
Dee. 

O67 Camelop. | 3°52:9™) + 60° 58’ 
[4e5 Cl 4 $4/462 12 
B ee + +60 22 
Za4 a 5] 76-12 
19 a 5 +64 8 
E1132 os 7 +65 17 
S27 os 7 +64 11 
21694 = y 12 +83 41 
i Cassiopeie | | +67 52 
E168 i 1 : +64 36 
2155 “4 l +75 16 
48 ‘. 1 +70 40 
‘ " 2 +67 11 
Or52, 5 +65 28 
6 4 23 +61 if 
23053, 24 +65 49 
=320 Cephei 3 +79 15 
S460 - 4 +80 34 
K ‘i 20 +77 34 

B ” 31 +70 20 | 
O=f45T yy 21 +65 6 
S387s oy 23 +82 38 
£ ms 23 +64 25 
Sas, 99 473 4 
reo4g =, 22 +66 17 
22950 TT 22 +61 25 
a “ 23 +67 50 
OZE123 Draconis | 15 +65 0 
E2054 85 16 +61 48 
7 i Lt +61 38 
20 + 16 +65 7 
E2155 Cis, li +60 46 
26 a 17 +61 55 
y e li #7911 

40,41 4, 18 +80 

EHO3 15 +61 0 
S573 ‘4 19 +60 23 
ra tt 19 +70 8 
=2640 sy 29 +63 45 
S2004 20 +80 25 
E1193 Urse Maj,|| § 15°3 | +72 34 
o - 9 60 /)+67 20 
33 9 27-6 | +65 17 
21415 ly, 10 13:3) +71 19 

OZ235 . Il 29:5 | +61 22 | 
Hu 1136 ,, 12. 32 | +63 13 
a Urew Minoris | 1 48°82 | 489 2 
x! a 115 32°1 |4+80 37 





6-3, 


ks 
| oT, 


6-4, 


| 5-0, 


| 6-1, 





OBJECTS. MAPS 1 & 2.  N. or 60’ Dec) 
(CinOUMPOLAR, NorTH). 


Maga. 

BO, 8-2 
Gl, 6-2 
50, 9-0 


45, 84) | 


65, 106 


Tl, T1 


oo 


| 49, 5-4 


44, 8-3 
8-2 


| 70, 85 
50, TS | 


#2, Tl, 
a 
6-4, 


60, 


6-3, 
5-2, 
40, 
3°, 
6°3, 
6-2, 
4-7, 
55, 
70, 


60, 72 


5-2, 


oT, 
2-1, 
5, 
G2, 9 
5-5, 
4-0, 
Bt, 


6-5, 10-5 
6-0, 9-0 
9-0 
38, 90 
60, 75 
6-0, 114 


20, 9-0 


} 671, 70 | 


70 | 
| 360°: OF: 





O71": t 1" 
arr 1e5: 
gr: 3°B: 
19°; BB 
345" 40) 
7 43" 
90°: 5 
a71":22"-3: 
1677167: 


223" 


a0. 


aT" 18" $ 
Bl 31 "0° 


“2/1931 
“11985 
“8/1925 
‘13 1025 | 
“Ti 1024 | 
“6 1924 
“Bi 1925 


6: 1926 
1923 


1986 ) 


“1924 


1914} 


- 


‘1825 
1924 


1H25 | 
1oa0 | 
| ‘Relatively fixed. 


ioe 


1924 
1924 


| Triple, 


‘Relatively fixed. 





Remarks 
Gold and green. 
Relatively fixed. 
Faint comes to B at 14"-8 distanoe. 


| Optical pair: d. diminishing from p.m. of A. 


= Hu. 1107. 

Relatively fixed. Rich neighbourhood. 
No relative motion, 

Pale yellow and lilac, Relatively fixed, 


Comes double, m,95: P.A. 254*; o.3"-0, 
Splendid gold and blue, Relatively fixed. 
Binary. 

Binary, P.63y. d.0"-4, 1903; widest abt, 1935, 
Triple star, Fine object in 4-inch, 

PA, decreasing, 

cpm, 

Relatively fixed. 


Orange and blue, 

Increasing P,A, 

Bluish comes, Relatively fixed. 

33 mag. is a spectroscopic binary. Relatively 
Physical pair, P.A. slowly decreasing. 
Little relative motion, Probably a slow binary. 
Relatively fixed. 

Relatively fixed. N. of « 

PA. slowly decreasing. 

Binary: orbit doubtful. Test for 2-inch, 


A fine object. Stars yellow and blue. ¢.p.m 
Near q Draconis. 

Light-test for Jin. telescope, 
Long period binary, 
Relatively fixed. 

Binary, period 111 years, 
Yellow and lilac, c.p.m, 
Kelatively fixed, 

P.A, increasing slowly, 
Little change, 

Pleasing contrast, 

PA, decreasing slowly. 
Relatively fixed, 


Relatively fixed. 


Binary. Decreasing PA. 


Relatively fixed. 
No change. . 
Binary, period T2y, Widening to 1°:0, 1950, 


Polaria, the N. Pole star*. A well-known teat. 
Little change, ifany. 4° mslightly p (. 


. aoe 








INTERESTING OBJECTS. MAPS 1 & 2 — Continued. 
(CIRCUMPOLAR, NORTH), 


Variable Stars. 
Erpocu 1950. 
RA | Deo, =f], Var.of mag. || Spectrum Period 
RZ Cassiopeim 2h 44-4™) 469° 26" | 64-78 A 1-19 days | Algol type. 
BU , 2 475 | +68 41 f9-63 .]| FS 195 ,, | Cepheid type, 
T Cephei 21 88 | +68 17 || 55-95 Me | 391 ,, | Long period variable. 
v a | 23 540 | +82 65 | 62-71 A | 360 —,, - 
KR Urs» Majoris 10 412 | +69 3 60-130 || Me 208 =, ss H 





Nova, 

Nova 1572 Cassiopeix. Ob 79m) + 63° 53", 

The new star first seen by Tycho Brahé on Nov, 11, 1572, when it was brighter than Jupiter, then in opposition 
and near perihelion, It s0on became as bright os Venus, and was seen by some even in broad daylight, At the 
end of the month, it began to fade gradually, and underwent a succession of changes in colour—white, yellowish, 
ruddy, and finally leaden, At length, in March 1574, it ceased to be visible Tycho's instruments were too rough 
for him to determine its place with great accuracy, so that it is uncertain whether one of two faint stars, near the 
position that he gave, is identical with the Nova, 


Nebul2@ and Clusters, (Mapsiand 2 = (Voletiered Nos. are thow of the NOC) 
995, H.VILI 78 Cassiop., 04076, +61°31'. A fine cluster, somewhat W shaped, Half way from + to x, 


581, M103, H 1) 296-8. 460° 26". Beautifal field 1*/ and slightly N. of 4: contains 2131 and a red star, 
663, H,VIS1 a }»49"-5, +61"° 0’. <A fine open cluster, visible in finder. Includes 2153, 
7664, M52, » 28592" -0,+61°19. Irregular cluster about 20° dinm., containing an orange star. 


6543, H.1V 37, Draconis, 17" 58" -6, +66°S8', Planetary nebula, A remarkable object: very bright oval dise like 
a star out of focus, with a central J" -6 star, Bluish; nearly at 
the N. Pole of the Eeliptic. 


$031, M81, Ursxe Majoris, 9°51™-5, +60°18. Bright, with almost stellar nuclous grouped with small stars: Spiral, 
with rather faint arms, 


$034, M82, oe $518, +69" 58. A narrow curved ray 7x 15, with rifts. Teally a Spiral seen almost 
edgewise. Within 9° of M81, which is included with a very low 
power. 


5322, H.1 256 » 13479, +60" 25.) A bright, roundish nebula, with a brighter central part. 


* Polaris. Easily found by the Pointers (a and § Uram Maj,), 1° from the N. Celestin] Pole in 1950; nenrost in 2095, within 26, 
It is easy with 2} ineh ; companion bluish, The large star is a spectroscopic binary and slightly variable. 
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INTERESTING OBJECTS. Maps 3 « 4. 


36-8 
194 

373 
472 
11-1 
i9-4 
28-7 


498 
532 


20, 60 


6-2, 7-2 
60, 73 


6-0, 6-1 
45, -7-0 
61, 68 
6-0, 8-2 
6-0, 6-5 


G4, 9-6 | 


6-8, 8-3 
50, 9-3 
6-0, 100 
58, 11-7 
58, 72 
40, 120 
62, 7-7 
59, 10-2 
50, 81 


41, 42 


|) 4:1, 8-4 
63, 69 


62, 78 
55, 8-2 
60, 6-0 
42, 53 
43, 5-2 


44, 78 


os SS | 





P.A. Dist, Date 
113": 
61" 
103°; 
833°: 
87" 
949°! 


116": 
851°: 
313"! 
ag)" 
448° 
197": 


166": 
460° 


168"! 
278" | 
S27: 


199": 


go": 


207": 


49" 
2577) 


194" 158: 
186° 32" 


10°: 
123°: 
ler; 72 
LTT" 
218": 
98": 
108°": 
248": 
198"! 
208": 
357": 
245": 
272": 
149°! 
1937: 


(R.A. XXII. Hes, To ll. Hea. 


One. 
O72 14 
Od 14 
0-6 
53: 
19: 


4-9: 
OF: 
BiB | 
a 
133: 
621 





Dec. 60°N. To 6O'S.). 


Notes 
Binary, Period 124 years. mp,» 
Gold and blue. Magnificent object. 
Very close binary, P.55y. Closing till 1945. 
Binary. [Widest 0"-6, 1971, 
No appreciable change. 
Binary, P.A, increasing, distance decreasing, 


| Little change. 


Binary. 

PA, slowly increasing, distance diminishing, 
Slow binary, P.d.andd. decreasing. Test for 
Relatively fixed. Yellowishandblue. {2-in. 
Slow retrograde motion; increasing distance, 


"| Test for 2-in. telescope. 


Beautiful fixed pair. Fine for small telescope, 


Binary, Increasing P.A. 
Binary of long period, 500+ years, 


') Nochange, Grand low power field. 


| Yellow and blue: A is variable, see footnote. 


Direct angular movement. 
opm. 


Binary, period 219 years, Distance increasing, 


| PA, ineressing. 


Little change. 


Relatively fixed. White and blue. 
Multiple system ; distant stars mags. 10 and 11. 


Optical. Distance increasing from p.m. 

Long period binary, #4. slowly decreasing, 
B has 11 mag, comes at 2°-9 distance, 

PA, and distance slowly decreasing, 

Little change, 

Binary, with orbit in line of sight, Widening, 
PA. slowly decreasing. [P. abt. 150 pra. 
Close double. JA. increasing. 

Relatively fixed. 

P.A. increasing, 


Binary. P.A. decreasing, 11th mag.atar at 57” 
Little change. A is variable, [19 20. 


Relatively fixed. 


Relatively fixed. 

Orange and blue, Relatively fixed. 

Little change, 

Relatively fixed. of Sientstahine for a5, 
Pale green and blue: P.A. and d. dimi 


Relatively fixed, 


| P.A, slowly decreasing. 
| Relatively fixed. 














INTERESTING OBJECTS. Maps 3 & 4~— Continuog. 
(R.A. XXIL Has. To I. Hrs. Dec. 60° N, to 60'S.). 


Variable Stars, 
Erocu 1950. 
B.A: Dea, 
Tk Andromedm Oh 2)e4) +38" 18’ 
KR Aquarii 23 41:°2 | -165 33 
a  Cassiopeixe | O.376 | +66 16 
R my 2d 508 | +5) 7 
6  Cephei * 22 273 | +58 10 
T Ceti O 192 | —20 20 
 Pegast |} 23 13 | +27 48 
Kk Senlptoris 1 247 | -32 49 


Yar. of mag. | Spectrum Pariod Notes 
56-149 || Me 410days | Long period variable, 
60-11 Me | 380 ,, is ae 
22-31 Ko ye Irregular variable, 
3-12 Me 432days | Long period variable, 
36-43 G 537 Cepheid. 7m. comes at 41", 
&1-70 Mh Irregular type. 
22.27 Ma Sa see oa 
62.88 N ST6days | Long period variable. 


Nebulz and Clusters. (Maps 3 and 4) —_(Unlettereed Nos, are those of the N.G.C.) 
224, M31 Andromeda, 0" 400, +41° 0. 


The ‘Great Nebula in Andromeda,’ visible as a hazy spot to the naked 


eye. Long, oval, and brightening towards the centre, with almost 
sturlike nucleus; photow by the 100-in. telescope resolve the 
outer parts into stars. Assuming ‘red-shift’ as due to velocity, 
like all other extra-galactic nebulw it is receding, though ape 
parently approwching owing to the Galactic rotation. Distance 
700,000- 800,000 light-years: it is the nearest Spiral except M33 
in Triangulum, which is probably rather nearer, 


7662, H.1V 18, Androm. 23" 29-4, 42°10. A remarkably bright, slightly elliptical, planetary nebula, 32" x 28", 


457, H.VIT 42 Cassiop., 1°16" -0, +58" 3°, 


7789, H.VI 30, 


650, M76, Persei, 


598, M33, Trianguli, 


93" 54™-5, 456" 96", 
7243, H.VIII 75 Lacer. 22> 13-1, 449° 33". 
1438-3, 451° 20’, 


1°31" -O, +30" 24’, 


bluish, With a low power almost starlike; in a 10-in, telescope 
the dusky centre mokes it annular. A 14 mog, nucleus is visible 
in very large telescopes, and clear in photographs, 


A condensed cluster of moderately bright stara 18" in dinmeter. 


Attending #, which ia, however, probably much nearer us than is 
the cluster, 


Between p and. A large cluster of very faint stars. 
A fine, open, irregular cluster, followed by a beautiful field, 
A double nebula, like the “Dumb-bell Nebula’ in Vulpecula (Map 13), 


but much smaller. It is a gaseous nebula, and therefore belongs 
to our System, 


Very Inrge, faint, ill-defined nebula: central portions the brightest; 


irregular nodosities give ita curdled appenranee, Use very low 
power on a dark, clear night. Spiral in photographs, 


* 8 Cephet This star ia typical of Class IV, short-period Cepheid variables, Its magnitade varies from about 3-6 to 4°3 
(range O'7 ming.), and ita period is 637 days. Its rise from minimum to maximum occurs in about 1} days, and ia, therefore, 
mare rapid than its decline, which occupies about 4 days, and is not unilorm, but subject to slight asvillations, These chan 
are repeated with great regularity. 
cause of the variability is still in doubt. 


The variations are thought to be due to pulsations in the atmusphere of the star, but the 
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Double Stars. 

Erocn 1950, 

RA. Deo. Magn. P.A, Dist. Date | 
59 Andromede| 2° T"'8 | + 38° 4° 67, 7:2 35° 16"-6, 1923 
$0 2 341 ye 26 || 61, 71 274" 38-7 1990 
= 2 465/417 15 |] 49, 84 ]}119") 3'2: 1022 
H 2564 /+21 816-0, 64 | 2057) 15/1936 
52 S 95/426 47 6880 | Se: oe “Von 
“ 4 55°83 | +37 49] 5-0, 80 |/357" 5821098 
14 6 129/492 38] 50, 7-3 925°: 14"-5 1922 
fi 5 663/487 13] 27, 7:2 i 2-8 1984 
y 5 26 |-35 33) 47, 85 |} 310"; 2” 9: 1935 
1 Camelopardi| 4 28-1 /+53 48 || 5-1, 62 308" 10" 2 1924 
y 2 +3 2137, 62 oF i 
h3527 Eridani | 2 40 44] 7-0, 7-1 || 42°) 2”0/ 1985 
é | 2 -40 30] 34, 447) 87°) So 2i1924 
p 3 - 755762, 92) 84°; 2 Oi1bes 
h3566 3 ~44 $7 || 5-9, 9:5 || 208": 31: 1996 
f, AlG 8 —S7 47 | 4-9, 5-4] 209°: 78: 1910 
33 5 | —- 3 6] 40, 6-0 | 347": 7-0: 1929! 
a9 4 -10 23 ] G0, 88 ] 148"; 6°-5 1922 
55 4 = 8 53] 63, 67 S17") ee 1928 
‘ 5 | —11 56 |} 4-2,10°5 | 335° at: 1908 
fe 5 -13 0] 5-0, 7-5 | Seo": 2-6 21926 
B 5 —20 48 | 3-0, 96 | 319°) 25: 1996 
a | 3 -17 Gl |} 40, 98 158" 35""5 1020 
p 6 + 248] 4-7, 85] 6a": 7-0! 1991 
B 5 — 68 15] 0:5, 6-7 |-202". 9421925 
y 5 ~ 226] 3:8, 48] TO": 1451997 
33 Bg + 31560, 73] 96°: 2° 01992 
é | 52 - 0 20 ] 2-0, 6:8 | 860°:59"-8 1929) 
A 5 + 9 54] 40, 60] 43°) 43 1998 
6 5 = BOT BOER | se bce Eas 
‘ i — 5 56 |} 3-2, 7-3 | 141" i114 1925 
r i] —- 236] 4.10 ee ae 

| : Tih ee ie! 

t 5 -~ 1 87120, iby": 2-8 1999 
52 | 6 + & 26] 63, 6-2 207"; It logs 
" g +55 41 | 40, 85 | 301° /98"-4! 1928 
20 a +38 8 | 55,100 | 257°: 14"-0; 1917 
« 3 +39 52] 3:1, 83] 10°) 9021924 
‘ 4 - 63 33 | 6-6, 64 58° 120 1917 
2422 Tauri js + 026] 60, 8-2 253". 6-5 1024 | 
‘.. +25 S157, 78] 25° 10° 9 1994 
E559 | : oy 55 1 TO, 71 | 877") SO ied 
a +16 25 |) 10,112 | Sd": 121": 1989 
=572 i 4 $26 51] 65, 65 | 198") 4-1 1937 
118 6 +25 7 | 58, 6-6 | 203° 
46 Triangatt | 3 +30 4! 5-0, 6-4 





INTERESTING OBJECTS. 


Maps 5 & 6. 


(R.A, I. Hes. to Vi. Hes. Dec, 6O'N. ro 60'S.) 








re Se 9 1999) Yellow and blue, 


Notes 
Relatively fixed, 


White and blue, Relatively fixed. 

There is a 10-2 mag. star at 110°; of 25" (1915), 
Test for S-inch telescope. 

Triple, 


PA, very alowly increasing, 
11 mag, star at 11-1 distance. 
Test for 4-inch telescope. 


Relatively fixed. 

Yellow and blue, Relatively fixed, ep.m. 

$7 mag. star yellowish, Little relative move- 
[ment, 


Very slow increase of PA. 

Little change, 

The 5-9 star is a close double, 0-5 (1926), 
PA, slowly increasing. 

Topaz and green, Fine contrast. 

Little change. 

Relatively fixed, 


eave, fixed. 


No change. Other stars in field, 

Rigel. The attendant is bluish. Test for 2in, 
P.A, slowly decreasing. Test for 4-inch, 
Relatively fixed. 

Relatively fixed. 

Relatively fixed. Very fine region. 

The Trapexium in Orion. Two other stars a 
Relatively fixed. Nebulous glow. [test for 4-in, 
Fine group with striking colours, & starain4-in. 
PA, slowly increasing, Test for 2-inch. 

Test for 5-inch telescope, 


Yellow and blue. Several faint comettes, 
Closely f 16Persei. Test for S-inch. 
Relatively fixed, 


Slow change. Probably a binary, 
Relatively fixed. 


Aldebaren, Distance increasing from p.m. of A, 


2A. decreasing; distance increasing slowly. 
a8 1989 PA, very slowly increasing, 


Fine pair. 


vil gape : 
’ t | 





INTERESTING OBJECTS. Maps 5 & 6 — Continued. 
(R.A. Il. Hes. ro Vi. Hee. Dec. 6O'N. ro 60'S.). 


Variable Stars. 

EPocH 1950. 

RA, | Dec. Vor,of mag, , Spectrum Period =, Notes 
Auriga: 45 68™-4) 443° 44']) 33-41 Fip | 27'l4yrs. | Spectroscopic Binary, 


49 | +40 46) 25-355 BS 2°87 days | Algol. The typical Algolid.{ 
578 | +12 20]) 33-42 BS | 39 ,, | Algol eclipsing type. 


340 | +34 3 || 58-120 || Me |! 270 ,, | Long period variable. 


Ceti | £168 | — 8 19] 1-7-0906 Me | 33ldays | Mira, Long period variahle.* 
Leporis 4 573 | —14 59 ]] 60-104 N | 480 ,, Hind's ‘Crimson Star. 
Orionis 5 525 | + 7 4 O5-1-1 || Ml ire Setelgeuse, Trregular varinble,+ 
es 5 629 | +20 11 h-4-12°3 Me S74days | Long period variable. 
3 20 | +38 99] S3-41 | Mo Trreguiar variable. 
3 
3 


oS SS ce we 
: 


i 
: 


Nebulz and Clusters. (Maps 5 and 6) = (Wnleticred Noa, are those of the NGC.) 
1912, M35, Aurige, o¢ 266-3, +50° 45, A striking, loose, cruciform cluster, in «a glorious neighbourhood. 


1960, M36, " fho7-0,+34° 7. Anopen cluster of stars of mag.8-14, regularly arranged, 2" /¢ Aurige, 
2009, M37, 4 5440-0, 492°33'. Fine open cluster, Ruddy 9th magnitude star near the centre. 
1068, M77, Ceti, ah40™-1,- 0°15. Small, round, faintish nebula, centrally condensed, 1° f é, slightly 8, 


1976, M42, Orionis, 5h32e-5, - 6°25’. The Great Nebula in Orion, visible to the naked eye as @ Orionis. 
A greenish, irregular, fan-shaped mass, best seen with a low power. 
With higher powers, the bright ‘Huygenian' region shows a 
mottled appearance ‘like the breaking up of a mackerel sky' 
(Sir J, Herschel). Includes tho ‘Trapezium' (see previous page). 


_H.VI-33, Perse, 25 17™-2, 4.56°55', ) Pwo magnificent clusters, visible to the naked eye, and fine objects 
869, HV rsei, ; : 2, ; } even in small telescopes; the diameter of each is about 45". 
884, H.VIS4, ,, ah 20m 4, +56" 5S, There is a fine ruby star near the centre of 884. 


1039, Mo4, = 2435" "8, 4+42°52', A fine loose cluster, just visible to the naked eye; it contains the 
double star 0244. .A low power is required to cover the large field, 


1435, Tauri, Sede? 23°37. Faint nebula, near Merape in the Pléeindes—a cluster which requires 
a very large field; well seen in finder. Ordinary eyes sce six or 
seven stars, but some can count many more. 


1952, M1, Tauri, 5691" 5, 4+21°59', The ‘Crab Nebula,’ near ¢, a faint, oval, gaseous nebula, Its serrated 
outline is visible only in large instruments, Discovered 1731, 
and forgotten; its rediscovery by Messier in 1758, led him to 
make his catalogue of 103 nebulm 


* Mira, "The Wonderful.’ Tt waeseen as a new star for a few weeks by Fabriciuain 1596, and by Bayer in 1603, who catalogued ft on 
o Ceti, Itisinvisible except in a telesoupe for abowt § months, sinking toa minimum of 8S to 96 mag.: then it becomes visible to the naked 
eye for abuut 6 months, rising at maximum usually to 3rd or dth mag., but sometimes to Sth or Ind mag. Ite rise ja more rapid than ite 
fall, Atmeximum the light increases some 1400 times, apparently ax the result of outbursts of hydrogen gas, Mean period $30 days, with 
large variations, 

+ Betelgewse is one of the reddest of the bright stars. Ite angular diameter, measured by the interferometer with the 100-in, telescope, 
is about 0°°"045, giving an actual diameter of about 400,000,000 miles—large enough to include easily the whole orbit of the earth, Since 
the meneures vary, it appears that pulsatory changes in the star's diameter may be connected with ite variability, Betelgeuso has a mean 
density about 1 millionth that of water or pig that of air. 

¢ Algol. Ite name, 'The Demon Star,’ suggests that ite variability was known to the Araba centuries ago, It in typical of the ‘dark. 
eclipsing’ variables. Tts magnitude for about 2d. 11h, is substantially constant at 2°3, but with a slight seoondary fall and rise, of dy mag. 
at half-way ; it then decreases rapidly to mag. 35 in about 5 hours, and in another 6 hours regaina ite original brightness. Period ulout 
69 hours, The change of light ia due to two stars, one bright, the other faint, very close together, revolving round their common centre af 
gravity, and mutunaliy eclipsing esch other. <A third star is included in the system, 
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INTERESTING OBJECTS. Maps 7 & 8. 
(R.A. Vi. Hes. ro X. Has, Dec. GON. Tro 60'S.) 


Double Stars. 
ErocH 1950. 
RA. Dec. 
Fa 9) o8"-6) ~ 31" 40° 
4] 6 78) 448 44 
E873 6 123/436 10 
54 6 364 /+28 19 | 
e 8 93/417 48 
vl, 90 8 23:7 | 424 42 
pt 8 239-8 | 427 
L 8 43-7 | +28 57 
57 8 512 | +30 46 
66 8 683 | +32 27 
yl 6 34-3 
a 6 43-0 
m 6 53-8 
= 6 66-7 
B755 Columbe | 6 33-7 
90 Geminorum) 6 24-4 
38 i 518 
A tT 152 
8 | 7 Ifa 
a . 7 3l-4 
k 7 41-4 
21245 Hydre & oo 
e | 8 449 
é 9 115 
ob 9 25-8 
3 § 25-8 
6 | 9 20:3 
4 6 17-6 
12 6 418 
19 7 1865 
8758 7 251 
48 9 15-8 
8 . 6 21°] 
11 6 26-4 
A23 = -Puppis 6 36 
k 7 36-3 | 
3 | 7 48-2 
6 7 45-6 
‘ B 56-8 
ps) 9 48-7 
& 8 43-3 
H & 54:8 
h4165 4 2 
yb | 0 268 
h4220 ' 2 320 








PA, Dist, Date 


211°: 


$55" 
217° 11 
36". 


q 
r 
f 
ry 


108": 


4° 
216°: 


821919 


7-8: 1929 
1"-2 1984 
0"-9: 1927 


"7: 1937 


BY9 1996 
570 1934 


807" 30-7: 1982 


320" | 
186": 


263" 1 


141987 
4"-6, 1998 


7-5 1926 


| OF i1033 
: 9-0: 1996 | 
"775 1926] 


"i 1-3} 1995 


911" 20-0! 1992 


204": 
236": 


ag" | 102 1988 | 


253" | 


141") 


68 1924 
3"-6 1929 


0”-9 1936 


81° 25"-7 1908 


75°. 37"-4 1931 


233°: 


a7" 13-2 1928 | 


105" | 
82"; 
318°, 
340": 1 
a; 


331" 


160°: 
339"! 
107": 
307°: 
210° 


| 113": 07-8 19g4 | 
FY 1086 | 
315° cla" -T | 1923 

$4° 5 17"+1) 1900 


2"-0 1925 


hie | i | 
} 4 | 1926] 


18: 1937 | 
9"-9: 1927 | 
6" 9: 1923 | 


S42 1929 


74 1999] 


O'-5 | 1926 


3-0 1935 | 
2°°7 = 1027 | 
1-3 1935 | 


O”4 1934 


21 1926 | 


Notes 
Relatively fixed. 
Relatively fixed, opm, 
Relatively fixed. 

ef. 


| { Binary, P.60years. Widest 1-1 in 1960. 


Third star 55 mag. at 5'-4 distance, 
PA, slowly increasing. d. constant, 
Little change. 
Yellow and blue: fine contrast, No change. 
PA. slowly decreasing. Test for 4-inch. 
Relatively fixed, 


Relatively fixed, 

Sirius, The Dog Star, Widest 11-5 in 1975.* 
Yellow and blue, Little change, 

Relatively fixed. 


11-2 mag. star at 21" distance. 
Yellow and blue, No change. 


| #.d. decreasing. Increase in distance, 


Relatively fixed. Light test for 3-inch. 

o2 mag, star is yellowish, Test for inch. 
Castor, Very fine object.t 

Relatively fixed, Delicate pair. 


l'np 6 Hydre, Relatively fixed, 


| PA. inereasing. A a close 15 year binary, 
185°; 383: 1024! y ry 


Distance decreasing. Light test for 3-inch, 


Close binary. Period 117 years, 
Light test for 4-inch telescope, 


Direct movement, Orbit doubtful, 

5-2 and 6-1 form a binary; very long period, 
Relatively fixed, [retrograde, Test for 3-in, 
Light test for 3-inch telescope. 

P.A, decreasing, 


Yellow and blue. Grand low power field. 
Beautiful fixed triple star, 


Binary. Direct movement, 
Relatively fixed. 


PA. dimi nishing slowly. Teat for 2-inch, 


P.Avinereasing, d.decreasing, Test for 4-in. 
Binary. Period 112} years, 


10th mag, starat 69" @. makes with A, h4136, 
Fine contrast in colours. 

P.A. slowly increnaing. 

Binary, Period 34 years, 

PA, slowly increasing. 





INTERESTING OBJECTS. MAPS 7 & 8— Continued. 
(R.A. Vi. Hes. To X. Hea. Dec. 60'N., To 60'S.) 





Variable Stars. 
Erocn 1950. 
R.A. Ded, | Var.of mag. |] Spectrum Period Notes. 
RT,48 Aurige 64 25"-3) +30° 33']) 4-0-5-9 G 3-73 days | Cepheid variable, 
KR sCaneri 8 197 | +11 69 ]) 60-11-39 Me 362 ,, Long period variable. 
KR Canis Majoris 7172 | -16 18 |) 59-67 F 1 eae Algol type. 
9 Geminorum G6 110 | 429 81 3-2. 4-2 Mi 231 ,, | Long period variabla 
{ 7 12 | +20 39 37-43 G 10-2 ,, Cepheid variable, 
R a 7 #43 | +22 48 5-9-13-8 G | 370 , Long period variable, 
RK Leonis 9449 | 411 40] 50-105 Ms | 312 ,, se ts 
K Leonis Min, 9 426 | +84 45 6°2- 12-0 Me 370, r i 
T Manocerotis 6295 |/+7 7 i-8- 6-8 G5 270), Cepheid variable. 
L* Puppis 7 12:0 | —44 34 46-62 Me 140 ,, | _Long period variable, 
Vv - | 7 667 | -49 6" 441-49 Bip | 145 ,, Lyrid type. 


Nebulz and Clusters, (Maps 7 and 8) —_( Wnlettered Nos. are thove of the N.G.C.) 


2632, M44, Cancri, 8" 37"°2,+20°10', Pravepe (the Bee-hive) of the ancients. A large scattered oluster 
almost resolved by the naked eye; contains some orange stars, 
Best seen in finder, or with very low . power, 


2682, M67 " 8! 48"-5, 412" O. A roughly circular, open cluster of faint stars, diam, 27’. Low 
power object, 


2287, M41, Canis Maj, 6" 44-9, -20°43'. A fine open cluster of bright stars in curves. Just visible to the 
niked eye, There is a ruddy star near the centre, 


2168, M95, Geminorum, GY 5™-7,4+24°21', Fine open cluster of bright stars in streams, with many fainter stars, 
Between e Geminorum and ¢ Tauri, a little to N, 


2392, H.IV45 w» 7 267-2, 421° 1. Oval planetary nebula, about 25” in diameter, with 9-5 mag. central 
star, 


2244, H.VIT 2, Monocer. 6"30"0, + 4°54’. Beautiful open cluster of Tth to 14th mag, stars, visible to the naked 
eye. Includes the 6th mag. ‘giant’ yellow star 12 Monocerotis, 
probably nearer than the cluster, 


2506, A.VIS7 , 7! 57™5, -10° 27, Fine cloud of faint stars, mag. 10 downwards in grand region, Best 
seen with low power, 


2437, M46 = Puppis, 9 7" 395, —14° 42". A beautiful cluster of small stars, about 30’ in diameter, On ita 
northern edge is the irregular planctary ring nebula 2438, 


2440, HIV 64, 7) 39™6, —18" 5’, A bright, bluish, planetary nebula, in a rich neighbourhood, best seen 
with a moderately high power. A 10th mag, ruddy star follows, 


* Strime, The brightest star, Between 1834 and 1844, Bessel found that it had wavy irregularities in its proper motion, and came to 
the conclusion that the visible star muat be revolving round the centre of gravity of ltself, and an invisible companion atar, in a period of 
about 60 years. The comes, of about bth magnitude, was discovered by Clark in 1862 newr ite predicted place, Unless atmespherie con- 
ditions are good, it ia difficult, or impossible, to eee it oven when widest, though it is sometimes visible in a 6-inch teleacope, In 1804, whon 
closest (alxsut 2") the faint star waa invisible. It was next aeen by Burnham in 189¢ (2. 38), aod widened to ite maximum distance of 
116 about 1025. [tis now (1039) rapidly closing, and from 1940 to 1950 will be invisible in all except the largest telescopes. The cones 
fea white dwarf’ (Spectrum about F7), only about 1/10,000th nn bright as its primary, but with a mane Paagreat, Its density is 26,000 
times that of the Sun, or 50,000 times that of water. Its diameter is only about 24,000 milea, but. it contains almost an much matter aa 
the Sun, whoes diameter is 564,000 miles. Vyssoteky (1090) obtained different resulta, a mean magnitude of 7*1, 4 diameter of 48,000 miles, 
and a density only } of that usually adopted. 

Tt Castor. Avery fine double atul binary star, in slow retrograde motion, with m period of nbout 850 years, The component stark 
wore at their widest distance apart, 6°, about 1880; they are now closing and will continue to doso for some years. Both of the stare are 
spectrospopic binaries, with periods of about 3 and 9 days respectively. A third faint star, nleo a close hinary, forma part of the sume ayulom. 
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INTERESTING 


Double Stars. 


Erocw 1950. 


R.A. 
1 Bodotis 13°38""3 


21606 CanumVen. 12 89 


2 7 13-6 
a12 oy 53-7 
25 od 55-3 
h4409 Centaun 50 
178 7 SL3 
D 1" 11-4 
7 aa aa°8 
Q) is o8°5 
N ae 45:8 
k " 48°9 
h i Od 
¥ " B06 
bi Comm Ber. Ii 
Ei6ag is 219 
34 of 32:6 
35 # 508 
8920 Corvi 13-2 
é af O73 
21669 Sa7 
BE Crucis OL‘ 
N Hydra 298 
B : 50-4 
O2F215 Leonis 13:5 
y : 17-3 
49 a a2°5 
o4 i 62°9 
t ss 21° 
85 “ 24-0 
88 ” 2192 
oO) " a2 1 
$5 Sextantis 40:8 
il = 47-8 
é Urse Majoris 11 15-6 
¥ = 15-8 
57 oS S64 
¢ . 21-9 
8 Velorum 29'8 
pm i 44-6 
21627 Virginis 156 
7 "” 20-0 
y 39°1 
i af ; Ta 
81 “4 35-0 
S4 1 40°6 





£1788, 113 59-4 





OBJECTS. Maps 9 & 10. 


(R.A. X%. Hes. ro XIV. Hrs. Dec. 6O'N. ro 60°S.). 
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260° 
| 228" 


140°, 
399°: 


119" 
267°: 


i115: 
197: 


"6. 


19) 
ri 10: 


i 20; 
£05: 
: Oi 
181, 
76 | 


FAS L: 


f 1" 7. 
4] 
| 
F 


1927 


1094 
1997 
: 1928 
1037 


P.A, Dist. Date 
4'°7 1926 | 


10: 


1925 
1025 
1925 
1926 


1926 
1037 
1920 
1938 
1O16 
1919 
1922 
1919 





i136 


1920 
1926) 


“] $1038 | 
“0 LA 
‘1023 
‘1925 
p. £1937 
1922 


1921 


‘9 1918 


‘11926 
91932 | 


1925 
1928 
1935 | 


1526 | 


: 1924 
“1887 





- Notes ‘ 
P.A. slowly decreasing, Stara bluish 


P_A, decreasing. 

Relatively fixed. 

Cor Caroli. Relatively fixed. 

Binary, period 220 years, P.A, decreasing, 


P.A. slowly decreasing. 
Little change. 
Relatively fixed. 

Binary, period 80 years, 
Relatively fixed. — 
Relatively fixed. 

Little change. 
Relatively fixed. 

PA, increasing, 


Little change. 

Binary, P. 361 y. Widening, P.A, decreasing, 
Yellow and greenish white, Relatively fixed. 
Long period binary. .A. increasing, 


PA, is increasing. 
Relatively fixed. A is yellow. 
Slow incrense of JA. 


Relatively fixed, 


e.My 
?.A, slowly increasing. 


PA, deereasing. 

Binary, P.407 y. PA. and distance increasing. 
Little change. 

Slow inorease of PA. 

Binary of uncertain period. Closing. 
Relatively fixed, 

Yellow and lilac, o.p.m. 

9:0 magnitude star at 63” distance. 


| Little change, 


Little change. 


Binary, P.60y. Closest 0"0in 1933. Widen- 
Htelatively fixed. [ing to 2", 1980. 
P.A, slowly decreasing, Comes variable? 


t| Miser, Naked eye pair with Alcor. 


"Relatively fixed, 
| Closing ; PA, increasing. Fine contrast. 


Relatively fixed. 
Relatively fixed. 
A splendid binary star.* 


‘Test for 3-inch. 10th mag. star at 71” distance. 


Relatively fixed, 
Test for 3-inch telescope. 
Binary. PA. increasing. 
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INTERESTING OBJECTS. MAPs 9 & 10-— continued. 
(R.A. X. Hes. To XIV. Hee. Dec. 60'N. To 60°S,), 


Variable Stars. 

Erocu 1950. 

R.A. Dee, =f) Var.of mag. |] Spectrum Period =f Notes 
R Canom Ven, 1346-8) 499° 47 |] BL-198 Me | 333 days | Long period variable, 
y «6 Carine 10 43-0 | —59 25 |>1-0-7-8 Pec, | ous ory Argis. Irregular.t 
T Centauri 13 389 | -—33 21 6-2- 10-0 Me | 90 days | Long period variable, 
U Hydra 10 35-1 | -13 TH 45-60 N ae -Trregular variable. 
R " 13. 369 | =23 1 40-101 Me 415 days | Long period variable, 
Wy 19°46 | -28 7) 6h- 80 Me | 384 ,, A ss 
T Ursa Majoris 12 341 | +59 46] 55-132 ] Me | ana , 6 ‘i 
Rs Virginis 12 359 | + 7 16]. 60-120 Me | 145 ,, - - 
5 _ 13 304 | = 6 661 5-G-12-3 Me | 372 ,, ‘3 A 





Nebulz and Clusters. (Maps 9 and 10) (Untettered Nos, mre thors af the NGO.) 
4258, H.V 43,Caoum V., 12° 16" +5, +47° 54. A large pear-shaped nebula, with nucleus in the southern part. It 
is actually a Spiral with two main arma, and many condensations. 
5035, M63 pe 13413" +6, +42°18. A bright, oval nebula, 8’ x 5, with central nuclous. An 8th mag. star 
closely preeedes. In photographs it appears as a Spiral, with 
compact whorls, 


5194, M51 139" 27"°8, +47° 27. The larger of two nebule nearly in contact, Spiral as seen in 
l2-inch telescope, 
5272, M3 i 13635" -9, + 28°38", A beautiful, bright, condensed globular cluster, The outer*parts can 


be resolved into stars with a 4-inch telescope, and the whole 
cluster in a 6-inch, with high power, 

$372, A309, Carine,  10°43"-0, —59°26'. The ‘Keyhole Nebula,’ a diffused branching nebula round » Argits, 

Gaseous. 

$539, A393 re 11* 4-9, -58° 24", A magnificent cluster of stars from Sth-12th magnitude, 

5139, w, Centauri, 19823"-7,—47° 3. Anoblo globular cluster, Like a tailless comet, nearly 4th mag, to 
the naked eye. It is 30’ in diameter, and contains thousands of 
12th and 15th mag, stars. 

4501, MSS, Comm Ber. 125297-5,+14°47, A lony, bright nebula, 5' x 2, with. bright centre and condensations, 
Many nebule in this region, 


4565, A.V 24, ,, 12553" 9, + 26°16". A much elongated nebula, 15’ 1', with bright centre, and dark 


longitudinal centre streak. The largest edgewise Spiral. 
4826, M64 = 12" 64"-5, +21° 57". The'Black-eye Nebula.’ A bright, oval nebula, with a dark central 
aren of absorbing matter, visible in large telescopes, 


$242, HIV 27 Hydre = 10°22™-3, -18°23'. Planetary nebula, 40°35", with brighter inner ring. Pale blue 
tint 2° 8. of pw 
$5587, M97 Urse Majoris 11"11™8, +55°17'. The ‘Owl Nebula.’ A large, faint planetary nebula, 3’ in diameter, 


Large aperture, low power and clear night are required for 
a good view, 


* » Virginds. A fine binary star with os period of about 180-years. [ta orbit is very eccentric. In 1780 ita distance was S"7. Tt closed 

up till in 1886 (0 B06 d.), it appeared angle in all but. the Great Dor pat refractor fO4-in, aperture), whitey elongated the star. The pair 
then widened, becoming an easy telescopic object, and reaching ite widest (6''2) about 1920, It is now (1938) slowly closing, and will 
again appear single, except in large instruments, about the yenr 2014, 
+ 9 Carine, It was seen ann 4th magnitude star by Halley in 1677, and oscillated between that nagiitude and 2nd till 1814, whey 
it began to rise, reaching lat magnitude im 1827, Is fell to tnd magnitude for about f yours, rose to may. 0 in 1838, outehining Aiget, 
faded somewhat, and then, in 134%, became mag. -1°0, about as bright 3 Canopus, From that maximum it deelinnd till it became 
invisible to the naked eye about 1860.68, 7th mag. 1870, Since then it has not changed much in brightness, It hae a peculiar spectrum 
with bright lines, and should, perhaps, be clased with the Novm, 








am a a 


Tiiseemen, Ie | 
* 


Jnr 40 Fpngey 


ee o 
4Japun pum * pf 
Lo * @ 

gg SR as se yEyuog 
i + @ + pus eum Aggy Fog 
a es 9961 HD0da 
« @ @-: 
16 @e. 6 dVW 


BI0NnLIAOVA 





[SNWIx3s) 
+ 


a? 


et Ee 


ys 


= 


; 
J Z Z 
a 

[i 


= . 








_| waive). 


—$—_—$}— 


| oreg 


a 








ein ae 


Oe 


Strey ne 








", joel ath 


aunip 


ey 


sahjey (Piso usnes 








+ 2094) 


© ard. esa" 


a ge 





=== #-= 


wi 
0 


INTERESTING OBJECTS. Maps 11 & 12. 
(R.A. XIV. Hes. To XVII. Hee, Dec, 60°N. ro 60'S.). 


Double Stars. 
Erocn 1950. 





RA. Dee, Maga, P.A, Dist. Notes 

14°21" 7) 452" UY G-l, 72 | 237°; 132.1925 | Little change, 

14 144 | +51 36 |] 4-9, Se te Be Relatively fixed, 

14 209 /+ 8 40 | 5-6, 190°; 6"-4:1925) Comes a close binary, Period 40} yeara. 

14 38-4 | +16 38} 4, 106": 88, P.A.slowly inereasing. Probably a physical pair. 
l4 38-8 [+13 57 |] 4-4, ASS; 11: Binary with very eccentric orbit. FP. 130 yra. 
14 49:3 | 427 17 1 $0, 934°: 9'-8: { Pulcherrima of Struve. Yellow and blue. 
14 48:0 | 448 55 | 58, anti s3 PA, poly Epaeiny Test for 2-inch, 

l4 49°0 | +19 19 | 4-8, 13°: £8: Binary, P.152-yra. d. increasing to7"-2 in 1982. 
li 22) +47 50 | 5-2, | 248°; 2-6: Binary, P. 205 yenrs, Highly inclined orbit. 
1h 1595 | +33 50 | 3-4, 79"; 105": No change since 1592, [Closing. 


16 29:7 | +97 32 36° 18 Binary. Period about 230 years, pi at 109" d. 


‘14 190 |-58 14] 49, 69] 161") 9-6 1913] = A159. Relatively fixed. 
15 21-1 | +30 28 || 5:9, 288" 04: Binary, P.42yra, Widening to 11 in 1950, 
15 75 | 436 48 | 4-0, S04": 63:1 Beautiful object, Little change. 
16 128 | +33 59 | 5-0, 224°: 55: Binary. Very long period, 
16 350/458 2] 50, 111"! 37-5! 16 Draconis, 5-0 mag,, 90-4 distant, 
17 4:3 | 454 32 | 5-0, 108°: 23: Binary of very long period, P_A, decreasing, 
17 31-2 | +55 15 | 4-6, 312" G19) vland vy, epan. Fine object. 
16 58 | +17 11 | #0, 12° 29°5 1995) Little change since 1822, 
16 304 |4+31 41 | 3-0, ogg"! OB: Binary, Period 34 years. Widest 1-6, 1954, 
16 49'S | +28 45 | 65, 50"! O"-9: Lang period binary. Widening since 1900. 
17 124 )4+14 27 | 30, 113") 8" Orange and green; A is varinble, Little change. 
LT 19-0 | +24 64 | 3:0, 208° i 11"0: Anoptical pair, Distance diminishing. 
17 23:0 | +37 11 |] 4-0, 316": 38 Very slow increase of PA. 
Ll? 44°93: |+17 43 | 5-9, 289"; O'S) 10 PA, slowly decreasing. 
7 S07 )+40 1 | G9, 195%; UT} Gold and blue, 
17 S84) 421 36 | 4-9, | 259°; 6"2:1036| Very little change in either P.A. or distance. 
14 46-6 |-13 57 | 5-4, 6-3 | 348°) 178 1996) Test for 24-inch telescope. 
1b 17 |—46 51] 4-7, 78 ob P.A, decreasing. 
16 15-0. |-—47 42 | 4-3, 150") V6: P.A, decreasing, 7-2 mag, star 24" of, 
16 22-6 |-23 20 | 5-7, 64 | 350°. 3°-4 1924] Binary, 
16 284 )/4+ 2 6 | 40, 181": O”-B: Binary. Period 135 years. Closest in 1945, 
16 48-0 |+ 1 18 |] 0, 148"! OB: Test for @-ineh telescope. tanoa, 
17 123 |-26 30 | 5-6, | 180": 43: Binary of very long period; slow change of dis- 
17 150 |-24 14 | 5-3, | S66": 107-8: Orange and blue, Fixed optical pair. 
18 O4/- 8 11 | 5-0, 266°: 2-0; Binary. Period 224 years, 

| i : 
16 16 |-11 14] 49, aon") 1-2: Binary. P.44) yra, 7°2mag. star at 7-4, 1925, 
16 25 |-19 40 1 2-9, G2] asri13"s: A has a close comes, mag. 8°, at 0-8, 1927. 
16 91) =-19 21 | 4-2 356". 41'S; Both A and B are close doubles. 
16 181] |-—25 29 | 3:1, 7 972"; 203: No change since 1822, , 
16265 |-26 20] 12, 6-8 | ers"; 30: Antores. Redand green, No certain change.* 
15 106 | +19 28 | 6-1, 10° 242 1936| Relatively fixed. 
15 168 | + 1 58 | 5-0, 87" "0: 923) Very near the nebula MB, 


IST"? 3": Binary. P.A. decreasing, distance increasing, 
| 3:0, 265°: 30°-8- 1925) Relatively fixed, Test for 2}-inch, 
70, 


5-2, 


Little relative motion, 
Test for 3-inch telescope. 


Te 5B: 
110° 47s 











INTERESTING OBJECTS. Maps 11 & 12-— continued. 
(R.A. XIV. Hes. To XVIII. Hes. Dec, GO N, To 60°S.). 





Variable Stars, 

Erocuo 1950, 

R.A. Deo. Var. of mag. , Spectrum Period Notes 
Rs Bodtis 14" 35"-0/ +26° 52']) 6-0-13-0 Me | 222 days | Long period variable. 
WwW 14 412 | +26 447) 6-2-6 Ki as Irregular variable. 
Ko Centauri 14 13:0 | -59 41 i'3-13 Me 660 days | Long period variable. 
S  Corone Bor, 15 193 | +31 33] 64-12 Me | 361 ,, a + 
R ~ 16 464 | +28 19 58 - 12h Poe Irregular variable, t 
ane 16 574 | +26 4] 2-0-9-5 Pee | ‘i = ¢ 
30, Herculis 16 370 | +41 59] 47-60 M2 oe 5 ‘i 
8 nf 116 49-7 | +15. 2 5-125 Me 300 days | Long period variable 
a Fel 17 124 | +14 27 31-30 M2: ai Irregular variable. 
6a,u 17 165 | +33 9] 48-54 BS 205 days | 8 Lyre type. 
6 Libre 4 683 | - 8 1] 45-62 AO 233 Algol type. 
Us Ophiuchi 17 140 | + 1 169) 57-67 BS | 168 ,, | ~ z 
Y Ri 17 600 |= 6 8] 61-64% GO | 171 ,, | Cepheid type. 
X  Sagittarii 17 445 | —87 49 9 43-5°0 Fs TOL 4 mv 4) 
RI Scorpii 16 56-4. | —30 30 §-6- 11-8 Me 279 =, | Long period variable. 
R Serpentis 116 484 1 415 17 65-134 Me | 357 ,, ' Long period variable. 

Nebulw and Clusters. (Maps 11 and 12) = (Untetired Nor, are thone of the N.G.0.) 


6205, M13, Herculis, 


6210,35N 
6341, M92 —Si«, 
6067, 4360, Norma, 
6273, M19, Ophiuchi, 
6494, M23, Sagittarii, 


6093, M80, Seorpii, 


6121, M4 . 
6405, Mé ‘ 
6475, MT 1" 


5904, MS, Serpentis, 


16530" +), +36" 33". 


16" 42" -4, +23" 54’, 
17* 156, 443° 12, 
16% 9-4, -54" 5’. 
16" 59"-5, — 96" 12 
17" 54" -0, —19° 1 
165 14"°1, — 22°51’, 
16" 20" +5, — 26° 24". 
17836" -7, = 82" 10", 


17 50™-7, — 34°48". 
15" 15"-9, + 2°16’, 


The 'Great Cluster in Hercules'—a grand globular cluster of thousands 
of stars, just visible to the naked eye, about + the distance from 
jto( Centrally resolved in 6-inch telescope, 

A small, bright, planetary nebula, with a bluish diso about 8° in 
diameter, and surrounded by a faint glow. ap 51 Herculis, 

A very fine globular cluster, about 8 in diameter, resembling M13, 
but smaller and closer, Jt forms a triangle with + and ». 

A large rich cluster, 20° in diameter, composed of stars of 10th-15th 
magnitude, 

A fine globular cluster, ‘5’ in dinmeter. 
of British Isles. 

An open cluster, 47° in diameter, with stare of $th-13th mag. Fine 
low power field. 


Very low in the latitude 


A bright, and much condensed globular cluster. A mass of faint stars. 
Easily resolved cluster of rather faint stars, 13’ in diameter. 

A most beautiful open cluster of stars ‘like a butterfly with open wings.’ 
A brilliant open cluster of bright stars, visible to the naked eye. 


A fine globular cluster, 15’ in diameter, composed of 11th-15th mag, 
stare, with much-compreased centre. Closely np 5 Serpentis, 


* Antores was eo named by the Greeks from its similarity to the ruddy Mars (Greek, Ares) in regard to colour. It isa very luminous 
‘super-giant’ atar (Spectrum MO), with a diameter of about 370,000,000 milex, Its comes, green in colour, is not usually seat except when 
atmospheric conditions are favourable. 

+ R Corone Aorealix. For several yours, sometimes as many a8 nine, this star remaina nt ite normal brightness of about th magnitude. 
Then it decreases rapidly by several magnitudes toa minimum magnitude of 125, After a short time, or after several years, during which 
minor fluctuations oecur, it rises again to ite normal brightness, 

t T Coron Borealia—tho ‘Blaze Star." In May 1546 this star roae suddenly from 4 to 2nd magnitude. Nine days later it became 
invisible to the naked eye, and afters few weeks it fell to the 9th muguitude, It revived to Tth magnitude and then decreased to 0°5 
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INTERESTING OBJECTS. Maps 13 «& 14. 


(R.A. XVIIL Hes. ro XXII, Has. Dec, 60°N. ro 60'S), 4 
Double Stars. 
Erocu 1950. 
| RA Deo. Mags. 9 P.4. Diwt. Date Notes 

120 Aquari [| 21" 1-4) — 6° T'] 60, 81] 192") 2" 1924) Test for 2inch telescope, 
S404 Aguile | 18 484 | +10 55 | 58, 70 |] 182" 37-4 1996] Relatively fixed. = 
ll . 18 568 | +13 33 | 5:7, 92] 275" 16"-2/1925/ Optical pair, Test for 3-inch telescope, 
Eon92 19 87-7 |+ 248] 60,102] 47/3375 21923) Light-test for 24-inch telescope. = 
i 19 46-4 | +11 41 | 6-0, 6-8] 113") 1°4!1027) Little change. ‘Test for 3-inch telescope. 
ala? Capricorni| 20 14-9 |~12 40] 3-2, 4-2] 201°) 876": ... | Naked cye pair. al, 9 may, comes at 45°. 
a! x 90 15-3 | -12 42 | 3°8,11-0 | 158"! 711924) Bis close double, Test for G-inch. 
* : 90 24-5 |-18 22] 5-1, 8-7 |) 140° 8°4°1926) Relatively fixed, 
p a 20 260 |-17 59/60, 78] 168° 22/1925) Distance and P.4, slowly decreasing. i 
0 ” 90 27-0 |-—18 45 | 63, 68 59" 219 1083 Relatively fixed, ep. 3 


E2780 Cephei =| 21-105 11933 | Test for 4-inch. PA. slowly decreasing. 


he0i4CorbomAns! 18 (9-2 


+659 47 | 60, 70 


aig" 
4396 | 58, 58 | 


99] 1"-§ 51983) Binary, period about 200 years, 











k a 18 29-9 |—98 46 | 60, 66 | 959° 21-6 1913] Relatively fixed, 
4 és 19 $1 )-387 8] 50, 50] 67°, 2%4.1990) Binary, period about 120 years, Test for 2-in, 
EMS6Cygni =| 19 10:8 | 449 45 | 60, G5 | 216" 8-9 1926) Beautiful field, ¢.p.m, 2 
B ” 19 28-7 | 427 51 13-0, 63) 55° 34° 6 1924) Yellow and blue. Grand contrast. << 
16 : 19 40-6 1450 94 || 51, 5-3 | 194" 385 1924) opi. cs 
a u" 19 45-5 | +45 O77 30, 79 269" | 1-9) 1936 Long period binary, 321 years. ‘Test for 4-in, 
a ” 19 54-4 | 452 18 || 50, 75 |) 179") 3°1_ 1027) Slow decrease of P.A, and distance, 
S271 os 1) 17-2 | +55 14 | G0, Ta 7398") 3411924) Test for 2-inch telescope. 
49 ik 20 390 |+32 8 || 60, 81 | 40°) 2%8:1925| Yellow and blue. 
62 " 20 43-6 | +30 32 | 40, 92] G5"; 64/1025) Tn the branching nebula 6960. 
E3741 20 569 | +50 16) 60, TH] S1°; 2°1 1926) Test for 24-inch telescope. 
61 iy 21 44 |488 28 | 5-3, 5-0 | 154°) 25) 1928) Distance increasing from 16", 1780,* 
T 1" 1 12-8 +57 49 5-8, 8) 160"; ON) 1826 Binary, period 4.) years. 
y _-Delphini. | 20 44-4 | +15 57 | 4:0, 5:0 | 270" 104 1931) Yellow and emerald. 4 
39 Draconis |18 232/458 46 |) 4777 | QR of (1026) Triple atar. 
1 HEquulei | 20 566/44 6] Sh7% oe rg 1980 Triple, A+B form a close binary, P, 101 yra. 
100 Herculis |18 5°3/426 5] 5-9, 5-9 |] 183° 147-1 1923) Two faint comites, 
E9289 =O, 18 79 | +16 28 | 60, 71 | 2257; 12-1938 Decreasing PA. 
@ Indi 21 16-3 |—59 40 | 4-7, 71 |] 279°! 5°-4 1996| P.A, decreasing, distance increasing, f 
a Lyre =: | 18 35-2. | 498 44 | 0-2,10-5 | 169" 564 1920] Pega. An optical pair. Distance increasing. 
an 18 42°7 | 499 a7 | 46, 63] 5°: 27-9: 1936 = “Double-double.” ¢! and «? are at 208” 
2 ra 18 42-7 |4+89 94 | 4:9, 52] 111": 2"3 1930 distance; each is a binary, 
¢ us ) 18 43:0 | 437 33 | 42, 55 | 190°:49"-7:1084| Relatively fixed, 
" 19 120 | 439 3] 40, 51 j} 83°:26"-2: 1925) Three other small pairs in a low power field. 
70 Ophinchi |18 29 | 4 9 39 || 43, 60/118"; 66 1037) Binary, P.S8yrs. Widest 67,1933, Closing. 
[2276 ~—C i, 18 S4/412 O17 60, 70) 258"! T”1 1024) Relatively fixed. 
x Pegasi. «| 21 424 | 495 25 | 39,108 | 296" 127-9. 1924 | A isan extremely close binary, P. 11-4 years. 








x? Sagittarii | 20 20°5 |- 42 33 |} 6-0, 7:3 | 298": 1"-1 1996) P.A. increasing. 
| i : 
69 Serpentis |18 24-6 4+ 0 10] 5-5, 7-8] 3177: 3°-9 1021) Relatively fixed. 
=2375 i, 18 43-0} + 5 26 |] 6-2, 66] 116" 24 1936] Test for 2}-inch telescope, 
) 18 63-7 )4+ 4 8] 40, 4211103" 22°-3 1026! Fine pair, p.m. 





Variable Stars. 

Erocu 1950. 

R.A, Deo. 
BR Aquile 1 ano | + 8 9 
U = 19 266 |- 7 9 
Li} a 19 50-0 4+ 90 58 
p= Cephei 121 41°90 | +58 33 
SU Cygni 19 498 | +29 38 
x Pa 19 486 | +32 48 
— se 2) 41-5 | +35 25 
Woon 2) 34:1 | +45 9 
BP Lyre 18 482 | +33 18 | 
R . 18 53-0 | +45 53 | 
S Sagitte 19 53-8 | +16 30 
W = Sagittarii 18 18 | —20 35 
x @ 18 185 | —18 63 
KR Senti 18 449 | - 5 46 
T  Vulpeculz: 20 493 | +28 3 


Nebulz and Clusters, (Maps 13 and 14) 


INTERESTING OBJECTS. Maps 13 & 14— Continued. 
(R.A. XVI. Hrs. ro XXII. Hes. Dec. 60 N. ro 60'S.). 


Var.of mag. [[ Spectrum | Period Notes 
58-120 || Me 310 days | Long period variable, 
§-2-6-9 70 TO? Cepheid type. 
7-45 | Go | 718 ,, a las 
37-47 MI fF Irregular variable, 
62-70 Fi 48 days | Short period varinhle, 
42-157 Mep | 409 ,, Long period. Mira type. 
59-70 Fip | 164 ,, | Short period varinble. 
50-67 M3 is? Long period variable. 
d-4~4-] B2p | 1291,, | The typical Lyrid variable,t 
40-47 M32 464 ,, Irregular variable, 
5-4-6-] GO 838 Cepheid type, 
4-5-5°8 FS 759 “4 e 
54-65 || Go | 6-77, e & 
47-78 G5p i Irregular variable, 
O:2- 64 Fs 444 days | Cepheid type. 


{ Unfettered Noa. wre those af the NGC.) 


7009, HIV 1, Aquarii, 21" 1™-4,-11"34, The ‘Saturn Nebula’ A very bright, bluish, planetary nebula, 


7089, M2 


7092, M39, 
G720, M57, 


6572, 56, 
7078, M15, 
6523, M8, 


6618, M17 


6656, M22 
6705, M11, 


6853, M27, 


» «=o 2h S0m-9,-— 4° 4’, 


Cygui, 21" 30"-5, 448° 15", 
Lyre, 18*52"-0, +52" 58". 


Ophinchi, 18°10" -2, + 6°50, 
Pegasi, 21597" 6, 411° 57% 
Sagittarii, 18% O™-6, — 24°29’, 


» __ 18*18"-0, = 16" 12". 


, 18" 33"+3 — 23° 57, 
Scut, 18"48™-2, — 6°90’. 


Vulpecule, 19°57™-4, + 22°35", 


25° x17". The thin rays or ansae are seen with large telescopes 
only, Precedes y. 

A globular cluster about 7° in diameter. A fine object in large 
telescopes. 

A large, open cluster of bright stars, well seen with low powers. 

The *Ring Nebula.’ 4 the distance from 8 towards y, An oval, 
planetary, 80" x 60", which bears inagnifying well. A faint star 
fis seen ina 4inch. The fainter central star is visible in large 
instruments only. 

A small, but extremely bright, elliptical planctary nebula, 7" in dia- 
meter, of bluish colour. Tt is, perhinpa, the brightest of its kind, 

A grand, bright, condensed globular cluster, 6’ in diameter, blazing 
in the centre. 

The ‘Lagoon Nebula,' visible to the naked eye, An ill-defined nebulosity 
with dark patches and stars, followed by an irregular open cluster. 

The ‘Omega’ (2) or ‘Horseshoe’ Nebula. A bright and large nebula, 
In shape something like a figure 2, with along, bright bottom 
streak, 

A large, bright, globular cluster, about 15’ in diameter, between ju 
anda. The larger stars are ruddy. 

A grand, fan-shaped cluster, with bright star at apex, 
structures to the south. 

The ‘Dumb-bell Nebula.’ An ellipse with faintly luminous notches, 
Seven stars—probably unconnected—are visible in a 10-inch 
instrument, 


Dark 


* 61 i, The first-star to have ite paraliax determined, by Bessel in 1833. The two stare probably form al riod binary =yute 
since then bare the same parallax, and the path of B relative to A ie lightly concave. ites ze wer iia Hla dabei 

+ 8 Lyre, The typieal ‘ Lyrid’ or‘ Bright-eclipsing* variable, It haa two unequal minima (mags. $8 and 4°1), separated by two 
equal maxima (mag. 34), The variations of light are due to the mutual eclipse of two unequally bright-stara, very cloae together, and 
ellipsoidal in shape ws the result of tidal distortion. Period 12°91 days. 
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Double Stars. 
Epocu 1950, 
FA. Der. 

T2536 Apodis 145481) -—72" 0° 
L7507 =, 18 63 |-73 41 
0 Carine 8 145 |-62 46 
h4126 8 382 |-60 9 
L3e46 Sy, 9 176 | -T4 41 
h431$ 3 ) 24:3 | -—61 44 
u a 9 45:9 |-64 60 
h4sss y, 10 52-0 |-T0 27 
Cor 33 Centauri | 14 11-4 | —6] 25 
& Chameleontis) 10 45:2 |-80 12 
é " ll 670 |-77 57 
a Circini 14 S85 | -—64 45 

Crucis 12..23-7 | ~62 49 
‘ »  |12 427 |-60 42 
hS568 Hydri 3 90/)-79 11 
h4432 Muscxe 11 21-4 | —64 40 
14920, 11 49-4 | -64 66 
B 3 12 432 | -67 49 
@ iF 15 40 - 65 9 
h4813 Norma [15 513 /}—60 2 
R38 Octantis 3 808 | 85 26 
A i. 31 43:5 | — 82 57 
é Pavonis | 14 186 /—61] 31 
R34, 18 43-6 |-73 3 
18550 , | 20 47-5 |-62 37 
18625 2] «0 )-—73 22 
15 Pictoris | 6 37-5 |-61 28 
6 Retienti | 4 17-1 | -—63 28 
ho67o yy 4 33-1 |-—62 56 
LO477Triang.Aus| 15 49° |—65 17 
8 Tucane 0 20-3.|-635 14 
6 7 1 140 |-69 9 
h3426 i, 1 15-3 | —66 40 
6 " 22 25:8 |-66 15 
T5340 ” 22.490 |-69 27 
y¥ Volantis | 7 9-2 /-70 25 
h3007 =, T &6-4 |) -74 10 | 
c 1 7 42°35 = T2 2 | 
® nv 8 78 '-68 


INTERESTING OBJECTS. 








Maps 15 & 16. (3S. of -60 Deo) 


(CiRCUMPOLAR, SOUTH), 


Maga. 


5:7, 
59, 
BS, 
6-4, 


Bo 
9:5 || 2 


ao 
TI 


5-4, 105 


60, 
$°2, 


70, 


66, 


4 
60 
70 
72 


6-4, 10:2 


67, 
0:3, 


61, 
bed, 


3-4, 


8-7 
17 


6-4 
6-2 


5:8 


Dist, Date 
*: 18: 1934 


, 1621917 
; 29) 1087 
i 41: 1936 


| 05 1926 
| V1 gge 


235° 15"-8 1920 


119°: 47/1996 
27" 26"4 | 1998 


994" 15"-4-19109| 
See 


i; 1851915 
; S*7 1918 
4°) 13) 1934 
; OT 19g8 


43 1917 
99° $2"-0 1917 
151"; 2151996 
oT": 1"-4; 1024 


170" 27+] 1916 
346°) 5-42 1920 
337"; 2-7: 1820 
gg0°: TO 1916 


er 1151987 


299°/18"-7 | 1922 | 
2°-0 5 1930, 


LT; 
116°; 167-1917 


ag*: g'-1' 1922 


: Oe 19ge | 
i 2°01 1926 


: 88: 1917 | 
: 7-0: 19868 
; 86: 1917 


. -B'4) 1926 
*; 291918 


3-0; 1920 | 


' 25 i918 | 


Notes 
P.A. increasing, 
PA. increasing, 


Little change, if any. 

fA, and distance slowly decreasing, 

A isa close double; distance 0:4, 1927. 
Relatively fixed, 

apm, Relatively fixed. 

Little change, 

Little change, if any. 

Little change, if any, 


= Cor, 167 (Innes), 
Splendid binary, J. 80 yra., 2nd nearest star, 


PA, increasing. 
Slowly increasing PA, 


Yellowand red. ep.m. PA. slowly decreasing, 


Relatively fixed. Test for 1-inch, 
Decreasing PA, 


Relatively fixed, 
PA, increasing slowly, 


Little change, if any, 
PA. inoreasing. 
Relatively fixed. 


Relatively fixed. 


No change since 1877. 
PA. decreasing, 


Little change. Colour contrast, 

PLA. and distance increasing. 

=Rmk 26. PA. slowly decreasing, 

A doubled by Innes 1898, Not sean, 1900. 


a. 7h, 


Little change, if any. 
= Rmk 20, [ao 
=Sellors 11. h's comifes 9th mag. at 43" and 


‘Superb Object,’ 6th mag, star at 0''2,1925, | 
ow power field includes 127, a close binary, 


cpm. 
Relatively fixed, Colour contrast, 
P.A, decreasing. 


No appreciable change. 
P_A, slowly increasing. 
Relatively fixed, 


Little change. A is a spectroscopic binary, 


INTERESTING OBJECTS. Maps 15 & 16 — Continued. 
(CirncuUMPOL4R, SouTH). 





Variable Stars. 
ErocH 1950. 
R.A. Dec. Var, of mag. || Spectrum Period =| Wotes 

6 = Apodis 142 Om-5 | —76° 33°] S1-6°6 M3 ae Trregular variable, 
KR Carine 9 310 | —62 34 ]) 45-100 Me 409 days | Long period variable, 
] 2 9 43:9 | -62 17 |] 36-50 GO 355 Cepheid type. 
od 10 78 | —Gl 19] &8-90 Me 149 =, || Long period varinble 
RK Doradiis 4 303 | -62 10] O7-68 MS 360 ,, i 
R Musex 12 390 | -69 8 | 65-76 G5 O88 ,, Short period variahle, 
« Pavonis 18 518 | -67 18] 40-55 F5 o10 5, Cepheid type. 

Nova. 


Nova Pictoris, 1925. 65 36™-2 —62° 35". 

Diseovered by R. Watson, in South Africa, in the carly morning of May 25th, 1925. From ita magnitude of 
2°3 on that date, it rose to mag. 1-7 on May 26th, but by next day hod fallen to below Srd mag, It then brightened 
again, reaching mag. I'l on June Oth, fell to mag. 4on July 4th, and rose again to mag. 1°29 on August 9th. From 
that brightness it fell, with minor fluctuations of light, till on Deo. 25th it was about 6th mag. In 1935 it waa 
about 9th mag.,at which it had been for some years. In March, 1928, it was found to consist of two nebulous 
components about 0-5 distant from centre to centre. 

An examination of photographic plates, that had been taken before ita discovery as a Nova, shewed that it 
had been of about 12th mag. (1911-1925), and had risen to Srd mag. on April 13th, 1925, 

The position of the Nova is about 7° from the N.E. edge of Nubecula Major and in Galactic Latitade — 26°, 


Nebula and Clusters. (Maps 15 and 16) (Unietiered Now. are those of the NGC) 


2808, 4265, Carine, S65 ]1"-0, —64°39'. A large, rich, globular cluster of 13th to 15th mag. stars ‘like the 
finest dust,’ 5 in diameter. The centre is a blaze of closely- 
packed stars. 

3766, 4289, Centauri, 11°33" -0, —61°20". A fine cluster, visible in a binocular, containing ot least 200 stara of 
8th to 13th magnitude. 

4755, 4301, Crucis, 12°50" -7,—60° 6', Surrounding « Crucis, a fine red star. <A brilliant ond beautiful 
cluster of over 100 stars of various colours ‘like a superb piece of 
jewellery.’ 


9070, 4142, Doradis, 539-1, —69° 9°. The ‘Great Looped Nebula’ round $0 Doradis. A large and bright 
nebula, extremely complex in structure, It is visible to the 
naked eye in the larger Magellanic Cloud, or the Nubecula Major. 


6752, A295, Pavonis, 19" 6"™-4,-60° 4. A large, bright, globular cluster, 15° in diameter; stars from 11th to 
16th mag. 


6026, A304, Triang, Aus.15559™-4,—60°21', A bright, open cluster of stara from the 7th magnitude downwarda, 


104, A18, Tucanz, Oh 21-9, —72" 22") 47 Tucanm, A most glorious cluster of 12th to 14th magnitude and 
fainter sturs, the central portion being much compressed, Visible 
to the naked eye as a hazy Sth magnitude star near the Nubecula 
Minor, 


362, 462, n 1* om-7,=-71" &. A globular cluster, 10° in diameter, of 15th to 14th magnitude stars, 
with a central blaze of closely-packed stars. It is just visible to 
the naked eye os a Gth magnitude star, 
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For Abbreviations and 
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INDEX TO THE CONSTELLATIONS. 


With the number of the Map in which each te shown, and the approximate date of culmination of 
a point on its central hour of Right Ascension at § pom. and Midnight. 


For each Hour earlier or later than 9 p.m. or midnight—| For each Week earlier or later than dates below— 























Earlier—Add 15 days to dates given below, Farlier—Add 28 minutes to 9 p.m. or midnight 
Later—Subtract li daysfrom ,, Later—Subtract , from ,, 2 

bern Genitive ana ‘Biatiaton | Of ation | Gunneatiotien Genitive sis : [esate Serene 
AxpHoMEDA Andromedm| 3 Nov. 25 | Oct. 9 | Ixpust ... am” idl 14, 15 | Sept. 26 | Aug. 12 
Awrtat ... ... Antli| 8,10 | Apr. 10) Feb. 24 || Lacerrat ... Lacertn 3 Oct, 12 | Aug, 28 
Aproat ... «. Apodis 16 July 5 | May 21 Leo sae ss» Leonia} 7,9 Apr. 15 Mar, 1 
AQuAnrus ... Aquarii| 4,14 | Oct. 9 | Aug, 25 Leo Mixon! Leonia Minoria 9 | Apr. § | Feb. 23 
AQUILA ... .. Aquite | 18,14) Aug. 50 | July 16 |) Lurve... ..» Leporis 6 | Jan. 28 | Dec. 14 
Ana ay .. dro] 12,16) July 25 | June 10 TuBRA os. «++ Liem | 12 | June 23] May 9 
Arco" (See Canina, VELA,| g. 10, |} Louevs  ... «+ Lupi) 12 | June 25 | May 9 
and Purrts) 16 Lyxx? .. --» Lyne! 1,7 | Mar. 5 | Jon. 19 
ARIES ... .-. Arietia| 5 Deo, 14 | Oct. 30 | Lyra... -» Lyre) 18 | Aug. 18/ July 4 
AURIGA ..: .-. Aurige| 5,7 | Feb. 4] Dee. 21 || Mewaat ... -. Mensw | 15,16) Jan. 28 | Dee. 14 
Boores ... w. Bootie} 14 | June 16 | May 2 || Microscorrumt Microscopii| 14 | Sept, 18 | Aug. 4 
Cariom! ... .. Cnli} 6 Jan. 15 | Dee. 1 || Mowocrnos! Monocerotia| 7,8 | Feb, 19 | Jan. 5 
CamgtoraRpustCamelopardi| 4,2 | Feb, 6 | Dee 23 | Museat ... w. Musee| 16 May 14) Mar, 30 
(CANCER ... ,.. Ceneri ‘J Mar. 16 | Jan. 30 Norma! .., eee SCTE 12 July 3 | May 19 

Canes Vewatic! fee | 6) | May 22) Apr. 7 |] Ocraxst ... .. Octantis | 15,16)  Cireum|polar 
Canta Mason Canis Majoris|! § | Feb. 16 | Jan. 2 || Ornivcuvs Ophiuchi) 11,12) July 26 | June 11 
Canis Minor Canis Minoria 7 Feb. 28 | Jan. 14 | Oprow... ... Orionia| §, 6 | Jan. 27 | Dec. 15 
Capriconwus  Capricorni|] {4 | Sept. 22 | Aug. 8 |] Pavol... «s+ Pavonis| 45 | Aug. 29 | July 15 
Cantat ... .-. Carinm| 816, Mar. 17 | Jon. 31 || Proasvs ... a Pegami 3 Oct. 16 | Sept. 1 
Cass1OPELA Cusioprim | 2,3 | Nov. 23 | Oct. 9 Peasevs ... wae = Persei & | Deg 22 | Nov. 7 
CayTAavRDS ---Centauri| 10,16| May 14 | Mar, 30 Pruoenixt Pheenicis 4 Nov, 18 | Oct. 4 
Cereus ... ... Cephei] 2 Nov, 13 | Sept, 29 || Prerort ... ... Pictoris | 6,16 | Jan. 30 | Dee. 16 
Cervus... ~» Ceti] 4,5 | Nov. 29 | Oct. 14 | Pusczs ... ... Piscium| 8 Nov. 11 | Sept, 27 
CraMAnLEoN+ Chameleontis| 46 | Apr. 15 | Mar. 1 || Piscm Averninus Yhimm| 4 | Oct 9 | Aug. 25 
Creersvat ... Circini] 46 June 14 | Apr. 30 | Purris! ... ..- Puppis 8 Feb, 22 | Jan. 8 
Conumnat Columb! § Feb, 1 | Dee. 18 || Pyxzs!... ... Pyxidis| § Mar. 21 | Feb, 4 
Coma Benesrcest ES ion| 9 May 17 | Apr. 2 || Rereviom! «Reticuli! 15 | Jan. 3 | Nov. 19 
Corowa AUSTRALIS’ usta 14 Aug. 14 | June 30 || Sacrrra ... «.. Sagitte| 18 Aug. 50 | July 16 
Corona Borganis ye" | 11 | July 3 | May 19 || Sacrrranius Sagittarti) 14 | Aug. 21 | July 7 
Convus ... .» Corvil 10 | May 12 | Mar. 28 || Sconprvs ws» Beorpii] 12 | July 18 | June 3 
Cearer ... ...Croteria}] 10 | Apr. 26 | Mar. 12 || Sounprort Sculptoria| 4 Nov. 10 | Sept. 26 
Canxt .... .-- Crucis} 16 | May 12 | Mar. 28 || Scurvmt ... + Seuti]) 14 | Aug 15 | July 1 
Cyenvs ... .. Cyeni; 18 Sept. 13 | July 30 || Serres ... Serpentis] 41 | July 21 | June 6 
DeLpHiscs ...Delphini] 18 | Sept, 14 | July 31 || Sexrawst Sextantis| 9,10 | Apr. 8 | Feb. 22 
Dorapot ... ... Doradés | 15,16 | Jan, 31 | Dee, 17 TAUAUS ... ee = Tauri 5 Jan, 14 | Nov. 30 
Daaco ... .Draconis| 1,2 | July 8 | May 24 |) Terescorremt Toleseopii] 14 | Aug 24 | July 10 
EqQuuLevs ... Equulei|] 13 | Sept. 22 | Aug. 8 || Triaxeuium Trisnguli| 3 Dec. 7! Oct. 23 
Exmasvus... «.. Eridani| 6 | Dee, 95 | Nov. 10 || Tenunres Triangall | 46 | July 7 | May 23 
Founaxt ... ..:Pornscis| = 6 Dec. 17 | Nov. 2 || Tocana! ... ++ Tucane| 15 | Nov. 1 | Sept. 17 
Gewint ... Geminorum 7 Feb, 19 | Jan. 5 || Unsa Mason Urew Majoris| 1,9 | Apr. 25 | Mar, 11 
Groust... .. Gruis| 4 Oct. 12) Aug, 28 || Unsa Mrsorn Urem Minorin| 1 June 27 | May 13 
Hincues wHerculis} 11 | July 28) June 13 || Venat a... Velorum| 8,10 | Mar. 30 | Feb, 15 
Horotocrout = Horologii| 6,15 | Dec. 25 | Nov. 10 || Virco ... —... Vinginis| 9,10 | May 26 | Apr. 11 
Hrpea ...  ... Hydrw| 8,10 | Apr. 29 | Mar. 15 || Voxana? .. ..Volantis} 16 | Mar, 4| Jan, 18 
Hypavs'.. »» Hydri] 15 | Dee, 10 | Oct, 26 Vexescona! “Vuilpeoutin 13 | Sept. § | July 25 





* Tho Susans constellation of Anco Navi is wow divided into the separate constellations of Qanma, Veta, and Purrm, but only one 
eejuence of Greck letters is used in the three constellations, 


+ Constellationa so marked have been added wince the time of Ptolemy (about ap. 150). 


ee, ello ee 


ASTRONOMICAL TERMS. 5 


Position Angle: North Point,—The Position Angle of a planct's axis, or of any line on the star sphere, is its 
inclination to the hour circle (p, 3) passing through the centre of the object, This circle is the most suitable one for 
reference, as, unlike the horizon, it is stationary with respect to the stare, and being perpendicular to the horizon at 
the instant of culmination, ean be used for finding the inclination to the horizon at other times (see diagram, p. 39). 
The North Point ia the point on the hour-circle nearest the N, Celestial pole, in the ficid of view, 

(a) Double Stars. Tho position angle is the angle which the line joining the componenta makes with the hour-circle through 
the brighter star of the pair; itis measured in degrees (0° to 360°) from the North Point to the fainter ster, and round 
to the other star clock-wise, or in the oppastte direction to RA, 

(i) Son's or Planet's axis. The position angle in measured to it from the North Point on the disc. This varies throughout the 
year; bot for the Sun, on the sume date it is abomt the same every yenr (sce the V_4., and diagram on p. 40), The angle 
is measured from 0° to 360° for the Moon and planets, asin (a); but for the Sun, E, (+) or W.(-) of the hour circle. 

Limb, Cusps, Vertex.—The Limé is the edge of the Sun’s, Moon's, ora planet's dise ; the Cusps, the horns of the 
crescent (less than half-illumined) Moon, Mercury, or Venus. The Vertex, sometimes used for occultations, is the point 
on the limb furthest above the observer's horizon ; distances from the vertex are counted eastwards from 0° to 360°. 

Opposition.—Mars, and the outer planets (p. $2), are in Opposition (symbol £), when 180° of longitude (or 
12hra. H.A.) away from the Bun on the star sphere: this occurs annually (Jupiter, 1-1 yra.), but biennially for Mars 
and most asteraids, They are then on the meridian about midnight, and nearer the Earth than when not in opposition. 

An opposition is ‘favourable’ when the Earth and the planet are near the point where their orbits most closely 
approach, and as this point is always about the same longitude, favourable oppositions always take place alow! tha 
game date in the year (given on pp.32 to 34), and the favourableness or otherwise of any opposition ean always be 
judged by its nearness to, or remotencas from, that date ; the lenst favourable are six months later, 

Conjunction: Syzygy-—A celestial object isin conjunction (symbol ¢) with another celestial bod y when their 
longitudes are the same, but the term may also denote equality in Right Ascension—as in V_A.+*Phenomena,' for some 
objects, Mercury and Venus are in Jnfertor Conjunction with the Sun, if the conjunction occurs when they are on 
the side of the Sun nearest the Harth; in Superior Conjunction if they are on the far side of the Sun, with the Sun 
between the planet andthe Earth. The Moon is in Syzygy when in conjunction or opposition, i, when New or Full, 

Appulse,—An appulse is the near approach of one celestial body to another: the term is also used for approach- 
ing culmination, conjunction, ke.; as, the appulse of a star to the meridian, of the Moon to the Earth's shadow. 

Orbital Motions,—The orbital motion of a planet or comet round the Sun, or of na satellite round its primary, is 
Direct when from W. to E.; Matrograde, when from E. to W.: similarly the seeming motions of the planets among the 
stars, as seen from the Earth. A planet is Stationary when its movement is reversing to the opposite direction, 

A planet or comet is in Peritelion (+) when at the point in its orbit nearest the Sun; in Aphelion, when at the 
point most distant; in Quadrature ((), when 90° in longitude from the Sun, The Moon and the planets are in 
Perigee when at the point in their orbits nearest the Earth; in Apogee, when at the point most distant, Pericentre and 
Apocentre are the corresponding general terms for a satellite with respect to ite primary; for Mars, Jupiter, Saturn, 
Perimartiwom, Perijove, and Perisaturnium, are used. A planet's Elongation from the Sun is the angular distance in 
degrees as seen from the Earth: the Greatest Elongation of Meroury and Venus is when that angular distance reaches 
& maximum—not necessarily the very greatest, A comet in Recession is moving away from the Sun, after perihelion. 

Elliptical Orbits.— The Major daria (symbol for semi-major nazis, a) is the greatest length, usually expressed in Astron, Unita ; 
midway in it is the Centre of the ellipse. The Minor Asis (semi-minor, b) is the line drawn through the contre at right angles, the 
greatest breadth : the Focus—occupied by the Primary (p,7)—one of two pointa, equidistant from the centre, such that the sum 
of their distances from the foci to any point on the ortit is constant, and equal to the major axis, 

The Eooentricity (¢) is the ratio, to the semi-major axis, of the foous-to-centre distance ; the Hadius Veotor (r), the line joining 
the centre of a planet, comet, or satellite, to that of its primary, usually given in A.Us, The Apeides (plural of psis) are the 
extremities of the major axis—the points of perihelion, aphelion, periger, &e.; the Ling of Apmides, that axia extended indefinitely. 

The Nodes are the points where a planet's or comet's orbit intersects the Ecliptic on the star sphere—ie,, when the object ia- 
in the Ecliptic plane "where the object crosses from S. to N. is the Ascending node ({)), from N. to 8. the Descending node (#8). 

The Anomaly [true] (v,) is the actual perihelion-focus-planet angle, measured in the direction of the planet's motion; the Afean 
Anomaly (M), that angle calculated for uniform, not actual, motion: the Heventrie Anomaly (m) is derived from it, Af=~—esine ts 

The Elements of an Object are seven factors required to determine (a) Position in space of its orbit—1, the semi-major axis: 
2, the esosntricity : 3, the inclination to the Ecliptic: 4, the longitude of the ascending node: 6, the longitude of the Perihelion ; 
(6) Position of the object at any time—6, the orbital period ; 7, epoch (position ata known date); or, time of perihelion ponseauore, 

These are the Heliocentrie or Fixed Llements—the object's relation to its primary, the Sun, ignoring other planets, The 
Baryeentric Elements are those referred to the Barycenire, or centre of mast of the Solar System, instead of the Sun, which give & 
better average orbit—though the heliocentric one corrested for perturbations (disturbances) by the other pluncts is more accurate, 

The Oseutating Orbit is that which a planet or comet would pursue if, at some specified instant, the Epoch of Osoulation, all 
the planets should cease to attract that body, and leave it free to move under the attraction of the Sun alone, 


* In an elliptical orbit, the node-perihelion-node angle is always less, in degrees, than node-apbelion-node, but the difference is trifling 
if the eccentricity is small, as in the principal planets. Also a planct attains ita maximum heliocentric latitude, above the plone of the 
Ecliptic, halfway between the nodea—at about 90° longitude, for the prinzipal planets, which have nearly-ciroular orbite, 


ASTRONOMICAL TERMS. 6 


Position Angle: North Point.—The Position Angle of planet's axis, or of any line on the star sphere, is ita 
inclination to the hour circle (p. 3) passing through the centre of the object. This circle is the most suitable one for 
reference, as, unlike the horizon, it is stationary with respect to the stars, and being perpendicular to the horizon at 
the instant of culmination, can be used for finding the inclination to the horizon at other times (see diagram, p. 39). 
The North Point is the point on the hour-circle nearest the N. Celestial pole, in the field of view, 

(a) Double Stars, The position angle is the angle which the line joining the componenta makes with the hour-cirde through 
the brighter star of the pair; it ismensured in degrees (0° to 300°) from the North Point to the fainter star, and round 
to the other star clock-wise, or in the opposite direction to R.A. 

(6) Sun's or Planet's axis. The position angle is measured to it from the North Point on thedise, This varies throughout the 
year; but for the Sun, on the same date it is about the same every year (see the V.4,, and diagram on p, 40). ‘The angle 
is measured from O° to 360° for the Moon and planeta, a4 in (a); but for the Sun, E. (+) or W. (—) of the hour circle. 

Limb, Cusps, Vertex.—The Lim is the edge of the Sun's, Moon's, or a planet's disc; the Ousps, the horns of the 
crescent (lesa than half-illumined) Moon, Mercury, or Venus. The Vertex, sometimes used for oocultations, is the point 
on the limb furthest above the observer's horizon ; distances from the vertex are counted eastwards from 0" to 360". 

Opposition.—Murs, and the outer planets (p, 32), are in Opposition (symbol £), when 180° of longitude (or 
12hra, R.A.) away from the Sun on the star sphere: this occurs annually (Jupiter, 1-1 yrs.), but biennially for Mars 
and mostasteroids, They are then on the meridian about midnight, and nearer the Earth than when not in opposition. 

An opposition is ‘favourable’ when the Earth and the planet are near the point where their orbits most closely 
approach, and as this point is always about the same longitude, favourable oppositions always take place about the 
same date in the year (given on pp.32 to 34), and the favourableness or otherwise of any opposition can always be 
judged by its nearness to, or remoteness from, that date ; the least favourable are six montha later. 

Conjunction: Syzygy.—A celestial object isin conjunction (symbol ¢ ) with another celestial body when their 
longitudes are the same, but the term may also denote equality in Right Ascension—as in V.A.‘Phenomena,’ for some 
objects, Mercury and Venus are in Jnjerior Conjunction with the Sun, if the conjunction ocours when they are on 
the side of the Sun nearest the Earth: in Superior Conjunction if they are on the far side of the Sun, with the Sun 
between the planet andthe Earth, The Moon is in Syeygy when in conjunction or opposition, i.2, when New or Full, 

Appulse.—An appulse is the near approach of one celestial body to another: the term is also used for approach- 
ing culmination, conjunction, de.; as, the appulse of a star to the meridian, of the Moon to the Earth's shadow, 

Orbital Motions.—The orbital motion of a planet or comet round the Sun, or of a satellite round its primary, is 
Direct when from W. to E.; Retrograde, whon from E. to W.: similarly the seeming motions of the planets among the 
stars, a5 seen from the Earth, A planet is Stationary when its movement is reversing to the opposite direction. 

A planet or comet is in Perthelion (r) when at the point in its orbit nearest the Sun; in Aphelion, when at the 
point most distant; in Quadrature (CQ), when 90° in longitude from the San, The Moon and the planets are in 
Perigee when at the point in their orbits nearest the Earth; in Apogee, when at the point most distant. Pericentre and 
Apocenére are the corresponding general terms for a satellite with respect to its primary: for Mara, Jupiter, Saturn, 
Perimartium, Perijove, and Perisaturnium, are used, A planet's Elongation from the Sun is the angular distance in 
degrees as seen from the Earth: the Greatest Elongation of Mercury and Venus is when that angular distance reaches 
a maximum—not necessarily the very greatest, A comet in Mecession is moving away from the Sun, after perihelion, 

Elliptical Orbits. — The Major Axis (aymbul for semi-major axis, a) ia the greatest length, usually expressed in Astron. Unitas ; 
midway in it is the Centre of thecllipse, iw Minor Asis (semi-minor, 6) is the line drawn through the centre at right angles, the 
greatest breadth: the Focus—oceupied by the Primary (p. 7)—one of two points, equidistant from the centre, auch that the sum 
of their distances from the foci to any point on the orlat is constant, and equal to the major axis, 

The Bocentrieity (¢) is the ratio, to the semi-major axis, of the focus-to-centre distance ; the Nadive Vector (r), the line joining 
the centre of a planet, comet, or satellite, to that of its primary, usually given in A.Us, The Apeides (plural of apsis) are the 
extremities of the major axis—the points of perihelion, aphelion, perigee, &e.; the Line of Aprides, that azis extended indefinitely, 

Tha Nodes are the points where 4 planet's or comet's orbit intersecta the Ecliptic on the star sphere—i¢,, when the object is 
in the Ecliptio plane:*where the object crosses from S. to N, is the Ascending node (()), from N. to 8. the Descending node ($5), 

Tie Anomaly [true] (v) is the actual perihelion-focus-planet angle, measured in the direction of the planet's motion; tho Mean 
Anomaly (Mf), that angle calculated for uniform, not actual, motion: the Lecentrie Anomaly («) ia derived from it, f=p—esine p 

The Elements of an Object are seven factors required to determine (a) Position in space of ita orbit—1, the semi-major axis: 
9, the eccentricity : 3, the inclination to the Ecliptic: 4, the longitude of the ascending node: 5, the longitude of the perihelion ; 
() Position of the object at any time—Q, the orbital period ; 7, epoch (position ata known date); or, time of perihelion passage. 

These are the Meliocentrie or Fixed Elements—the object's relation to its primary, the Sun, ignoring other planets, The 
Barycontric Elements are those referred to the Barycentre, or centre of mass of the Solar System, instead of the Sun, which give a 
better average orbit—though the heliocentric one corrected for perturbations (disturbances) by the other planets is more accurate, 

The Osculating Orbit ia that which o planet or comet would pursue if, at some specified instant, the Xpoch of Oseudation, all 
the planets should cease to attract that body, and leave it free to move under the attraction of the Sun alone, 





* In an elliptical orbit, the node-perihelion-node angle is always leas, in degrees, than node-aphelion-node, but the difference is trifling 
if the eccentricity is small, as in the principal planets. Also a planet attains ite maximum heliocentric latitude, above the plane of the 
Ecliptic, halfway between the nodes—at about 90" longitide, for the principal planets, which have nearly-cireular orbita, 


 (@) Double Stars. The position angle of a double star is the angle which the line joining the components makes with the 
honr-cirelo passing throagh the brighter star of the pair. This angle is mensured from the orth Point (or point on the 
hour-cirele nearest the North Celestial Pole, in tl field of view) frum 0 to 300", voing round by Ey" awl W, (See p. 39). 
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